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1. INTRODUCTION 
In order to automatically identify the largest number of these events and to sim- 

plify the analyst task in locating and identifying events, a method was developed to iden- 
tify and locate events using the principle of "reference events". The event classification 
method, described by Riviöre-Barbier and Grant (1992), was originally tested on a small 
data set of events located in Karelia (Russia). In this study, the data set has been extended 
to all the events included in the IMS database. Since most of events available in the data- 
base were located in Scandinavia, this area has was studied first. 

Scandinavia was divided into 64 smaller areas in order to facilitate the classifica- 
tion of the cuts (Figure 1). The Jargest areas cover 2 0in latitude and 6° in longitude. The 
dimensions of the areas were chosen to vary with respect to the density of events. For 
instance, 146 events were located in area 25 by the IMS while areas 15,16,17 and 18, rep- 
resenting the same total area as area 25, included 2232 events. Within each area, the data 
were selected in order to build a representative data set with sufficient events for analysis. 

This report presents the results of the areas located around the ARCESS array 
(Figure 1, from area 1 to area 30). Recordings on the vertical channel (sz) of the central 
element (ARAO) were used in the waveform comparison process. Processing parameters, 
general information and results have been compiled for each area. Processing parameters 
are listed in Appendix 2 and mine locations from different sources are listed in Appendix 
3. 

2. AREA DESCRIPTION 
Each area in this study is described in Appendix 1. The parameteis used to charac- 

terize the areas are given below. 

2.1. Latitude 
Upper and lower latitude limits of the studied area are given In this field. For the 

part of Scandinavia described in this report, the lowest latitude is 64 degrees and the high- 
est latitude is 72 degrees. Area sizes in latitude can vary from 0.5 degrees to 2 degrees. All 
latitudes given in this report are North of the Equator. 

22. Longitude 
Upper and lower longitude limits of the studied area are given in this field. For the 

part of Scandinavia described in this report, the smallest longitude is 5 degrees and the 
largest longitude is 38 degrees. Area sizes in longitude can vary from 1 degree to 6 
degrees. Longitudes given in this report are East of the Greenwich meridian. 

23. Number of events in IMS2 



Figure 1: Map of Scandinavia showing the 64 areas that are being used to define a list 
of reference events for each array NORESS, ARCESS and FINESA. The 
arrays are represented by their central element: NRAO, ARAO, FIAO. 

This is the number of events located within a particular area by the IMS and stored 
in the IMS2 database account at the time of the selection, January 31,1993. 

At that time, the database contained events that occurred between November 1990 
and January 27, 1993. 

2.4. Local magnitude range 



The local magnitude range is used to select the events from a particular area. The 
range is used to obtain a representative data set of the area. The events were selected based 
on decreasing magnitude in order to get the largest events. When no magnitude range is 
given, all events located in the area were used in the processing. This happened when too 
few laige events were available for a given area. 

2.5. Number of events within the magnitude range 
This number is either equal to or lower than the number of events in the IMS data- 

base. Not all events located, by the IMS and whose locations are stored in the database 
have waveforms. TechniaJ problems at the array, software and hardware failures, and 
misidentification by the expert system can lead to lost of waveforms. 

2.6. Number of processed events 
The number of processed events is, in most cases, smaller than the number of 

events within the magnitude range. A specific length of signal is required for the computa- 
tion, and the waveform segment available on disk may not be long enough. Also, an event 
recording can be made of two waveform segments, a case that is not handled by the pro- 
cessing program. 

2.7. Frequency range used to process the data 
For each area, a frequency range is defined to filter the data. The high frequency 

comer is always set to 16.0 Hz. The low frequency comer varies from 0.5 to 5 Hz. Some 
data would require a band reject filter which is not available in the current version of the 
software. 

2.8. Processed signal length 
The signal length needed for processing should include all phases and therefore, is 

distance dependent. The signal length is defined to contain the beginning of the first phase 
and the end of the last phase associated with the event. The total length includes the signal 
plus 1/8 of the signal length at each end since a 10% cosine taper is applied to the data. 

2.9. Number of reference events 
This gives the number of events that need to be used to identify most of the events 

located within a given area. The table listing these reference events gives the following 
information: 

- the event number: related to the processing; 
- the IMS orid: IMS event number in the database; 
- the IMS arid: IMS number for the first phase associated with the event at the 
array; 
- the IMS wfid: IMS waveform number, in this study only waveforms recorded at 
the central element of the array (ARAO) on the vertical channel (sz) were used; 
- the threshold; lowest cross-correlation value between a given reference event 



characterizing a group and any event in this particular group. Below this value, 
events do not belong to the group represented by the reference event; 
- the group: corresponds to the event classification using the cluster analysis 
method. 

2.10. Reported mine locations 
Scandinavia has a very large and important mining industry. The vast majority of 

the events recorded in the area are related to the mining activity either directly as mine 
blasts or indirectly like as induced events (tremors). In Appendix 3, lists of the different 
mine locations are given. These lists have four main sources: SPOT photos, the bulletin 
published by the University of Helsinki, the Norwegian bulletin, and Joint Operations 
Graphic (JOG) maps from the American Defense Mapping Agency. The mine locations 
found on SPOT photos are the most reliable locations but the SPOT photos available 
cover only a small part of the studied area. The locations provided in the Helsinki bulletin 
have recently been updated based on SPOT locations and on information that the Finnish 
researchers have obtained directly from the mines. Based on these new locations, the Hel- 
sinki mine labelling changed after May 1991. This list is probably the most complete list 
for Scandinavia despite the fact that some large mines located outside of Finnish territory 
are missing. The Norwegian bulletin gives a list of accurate mine locations located mostly 
in Norway. The JOG maps give accurate mine locations but they are not recent enough: 
some new mines may be missing and old mines may not be active any more. For each 
area, a table gives: 

- the label: symbol used on the IMS maps, 
- the location: latitude and longitude, 
- the source of information. 

2.11. Number of events found in the Helsinki bulletin 
The bulletin published by the University of Helsinki provided extensive lists of 

events occurring in Scandinavia. Most of the mining events reported in this bulletin have a 
"manual location" which means that the Finnish analysis visually assigned these events to 
a particular mine. 

A software was used to match the events reported in the Helsinki bulletin with the 
studied events applying the parameters used during the GSETTII experiment: 

- the distance between associated events should not be more than 3°, 
- the difference in origin time should not be more than 60 seconds. 

However, events with distance differences of more than 2 degrees and/or time dif- 
ferences of more than 30 seconds were not considered, and therefore, the number of 
events found in the Helsinki bulletin that were associated with events in the IMS database 
was larger that the number of events listed in the tables of this report. 



For each area, a table listing the studied events that were found in the Helsinki bul- 
letin based on the criteria described above gives: 

- the event number this number is related to the processing, 
- the event orid: number identifying the event in the IMS database, 
- the origin time: from the IMS origin table, 
- the local magnitude: from the IMS origin table, 
- the Helsinki location: either a latitude and longitude if the event was located 
automatically or a mine label if the event was located manually, 
- the Helsinki identification: if the event was located manually, the label 'EXP' (for 
explosion) is used, if the event was identified as being an earthquake, the label 
'EART' is used, if the event was identified as being probably an earthquake, the 
label 'RE.' is used and if the event was identified as being probably a quarry 
blast, the label 'RQB' is used. When the event was not identified in the Helsinki 
bulletin, no label is shown, 
- the group: corresponds to the event classification using the cluster analysis 
method. 

2.12. Events with the most reliable classification 
For each area, events were sorted into groups based on their waveform similarities. 

A table gives the list of the events included in each group. Events with a too low signal-to- 
noise ratio and events that were mixed with other events on the same waveform (except 
when these events were ^ sry large and when they all belonged to the same group) were not 
included in this list. The table includes the following information: 

- the event number this number is related to the processing, 
- the event orid: number identifying the event in the IMS database, 
- the origin time: from the IMS origin table, 
- the location: from the IMS origin table, 
- the local magnitude: from the IMS origin table, 
- the group: corresponds to the event classification using the cluster analysis 
method. 

2.13. Remarks 
For each area, comments are made about the events and their classification. Com- 

parisons are made between mine locations and event locations. Any particular features 
seen on the data are reported. 

2.14. Mine and event locations 
A map showing the IMS event locations and the mine locations from SPOT pho- 

tos, from the Helsinki bulletin and from the Norwegian bulletin are plotted for each area. 
This map allows the comparison between the different sets of mine locations mentioned 



above as well as the comparison between the event locations and the mine locations. 

3. CONCLUSION 
One-thousand-nine-hundrcd-thirty-three events were processe 1 during this study. 

One hundred-fifty-eight reference events have been defined to represent the event types 
recorded at ARCESS for distances between 0 and 7.69 degrees. Among the studied event, 
one thousand-three-hundred-thirty-five events were reliably associated with a reference 
event and five-hundred-sixty-one events were found in the Helsinki bulletin. 

Some reference events may be redundant because some event clusters overlap sev- 
eral areas. They will be eliminated from the final list of reference events that will be used 
in the Event Identification module. Comparisons with other sources of information have 
shown that more than one reference event can be necessary to characterize the signals 
coming from a particular mine (e.g. Kiruna and Varanger mines). For areas where the 
mines are separated by only a few kilometers and where information is lacking, a refer- 
ence event can represent the signals coming from more than one mine. 

For several areas, no reference events were defined at all. This occurred either 
because the events had too low signal-to-noise ratios and/or because all of the events were 
dissimilar. Areas where only a few tens of events were located by the IMS typically had 
these problems. The distance seems to have less influence than the quality of the data; for 
instance, no reference events are given for areas 26 and 27 while several reference events 
are listed for areas 28,29 and 30 which are more distant to the array that areas 26 and 27. 
It is more difficult to define reference events for areas where scattered earthquakes are 
located (area 27) in opposition to areas with mining activity or areas with swarms of earth- 
quakes (area 25). 

The comparison between mine locations from diverse sources and the IMS loca- 
tions show that for many areas, a location bias in distance and azimuth could be observed. 
Between 0 and 220 km from the array, events are usually located too far away with respect 
to their "true" locations (e.g. events from the Varanger mine) Over 220 km, events arc 
located too close to the array (e.g. events from the Kiruna mine). The distance has been 
studied by Ryaboy (1992) and the azimuthal bias has been studied by Suteau-Henson 
(1992). 

For most of the studied areas, IMS event locations form clusters around a particu- 
lar location; this feature characterized mining activity. For some areas, the cluster can 
directly be associated with a mine found on a SPOT photo or reported in one of the bulle- 
tins (e.g. area 19). For other areas, the density of mines prevents any association between a 
cluster of events and a particular mine (e.g. area 10). A third category of areas consists of 
areas where an event cluster can be seen but no mine I nations have been reported by our 



sources (e.g. area 5), 

Many earthquakes have been identified by the Finnish analysts in Scandinavia dur- 
ing the time period covered by the data set. Most of them were unique, in the sense that no 
aftershocks were detected except for a swarm of earthquakes that occmred in Steigen 
(Norway). This swann, located in area 25, has been identified using information from the 
"ground-truth database" (Grant, 1992). 

This method using the list of reference events determined here has already been 
partially implemented in the IMS. The next steps will be to test the list of reference events 
defined for the ARCESS array on all events located in Scandinavia by the IMS in order to 
evaluate the capabilities of the method for different magnitude ranges; to automate the 
method of determining the reference events, and to build similar lists for the NORESS, 
FINESA and GERESS arrays. 
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AREA1 

Latitude: 70 - 720N 
Longitude: 18 - 240E 
Local magnitude range: > 1.0 
Reported mine locations: None 
Number of events in IMS2:186 
Number of events within the magnitude range: 56 
Number of processed events: 46 
Number of events found in the Helsinki bulletin: None 
Frequency range used to process the data: 2 -16 Hz 
Processed signal length: 4s. before P, 38s. after P 
Number of reference events: 2 

Table 1: Reference events for area 1 

Event # IMS orid IMS arid IMS wfid Threshold Group 

46 339219 1439257 2693160 0.83 A 

27 30690 855259 1008248 0.81 B 

Events with the most reliable classification: 

Table 2: Sorted events for area 1 

Event # IMS orid Origin time IMSIat IMS Ion. IMS ml Group 

1 10105 11/30/90 13:26:00.1 70.2549 21.7369 1.03 A 

20 26727 6/14/91 12:26:28.2 70.3650 21.6609 1.12 A 

21 26728 6/14/91 12:26:39.4 70.2800 21.7079 1.41 A 

32 33283 8/6/91 19:25:51.5 70.3146 21.5423 1.17 A 

37 300508 10/18/91 13:26:18.0 70.2554 21.6794 1.16 A 

38 302432 11/29/91 13:28:52.9 70.2595 21.3960 1.11 A 

39 321697 3/6/92 13:26:04.0 70.4300 21.8751 1.19 A 

41 324445 4/10/92 12:25:22.8 70.1908 22.7734 1.16 A 

42 327352 5/8/92 12:27:00.0 70.2285 21.9835 1.23 A 

44 337260 8/28/92 12:23:57.7 70.1760 22.5852 1.16 A 

46 339219 9/18/92 12:24:53.2 70.1411 22.7680 1.05 A 

2 17222 4/12/91 18:12:35.2 70.0986 20.3555 1.51 R 
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Table 2: Sorted events for area 1 

Event # IMSorid Origin time IMSlaL IMS Ion. IMS ml Group 

3 19456 4/20/91 14:11:06.8 70.0328 20.4866 1.26 B 

4 19039 4/24/91 11:07:14.2 70.0320 20.4357 1.23 B 

5 19085 4/24/91 19:04:01.1 70.0855 20.6009 1.39 B 

6 20016 4/25/91 18:59:32.3 70.0654 20.3075 1.28 B 

7 20139 4/30/91 21:56:07.8 70.0797 20.6189 1.44 B 

8 20438 5/3/91 10:32:46.8 70.1323 20.6331 1.02 R 

9 21232 5/8/91 16:08:49.9 70.0524 20.7105 1.13 B 

10 22195 5/13/91 17:47:59.4 70.2426 20.5928 1.02 B 

11 23780 5/27/91 06:45:02.9 70.0717 20.3969 1.14 B 

12 24030 5/28/91 18:32:36.9 70.0724 20.4711 1.18 B 

13 24378 5/29/91 16:06:20.0 70.0424 20.6248 1.10 B 

14 24445 5/31/91 10:04:32.3 70.0771 20.4804 1.11 B 

15 24856 6/3/91 18:59:45.0 70.0799 20.5733 1.15 R 

16 25064 6/4/91 18:22:40.8 70.0298 20.5298 1.36 B 

17 25425 6/7/91 06:39:09.8 70.0835 20.5993 1.07 B 

18 25572 6/8/91 10:28:33.1 70.1005 20.4137 1.10 B 

19 25809 6/10/91 20:32:33.7 70.0790 20.3969 1.37 B 

22 26497 6/16/91 20:22:07.7 70,0418 20.5441 1.19 B 

23 28202 6/29/91 13:54:03.4 70.0500 20.5107 1.09 B 

24 28446 7/4/91 18:44:52.7 70.0488 20.4533 1.09 B 

25 28667 7/6/91 13:48:15.7 70.0009 20.3531 1.14 B 

26 30007 7/8/91 20:38:35.9 70.0094 20.2896 1.54 B 

27 30690 7/21/91 16:06:22.6 70.1757 20.5006 1.32 B 

28 31937 7/25/91 11:43:02.7 70.1750 20.4997 1.18 B 

29 31661 7/26/91 13:54:49.9 70.1104 20.5618 1.11 B 

31 33253 8/6/91 16:11:29.5 70.0707 20.5350 1.28 B 

33 34148 8/7/91 13:22:27.1 70.0491 20.3212 1.14 B 

34 33851 8/9/91 12:57:21.9 70.0873 20.5597 1.30 B 
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Table 2: Sorted events for area 1 

Event« IMS orid Origin time IMSIat IMS Ion. IMS ml Group 

35 34340 8/13/91 18:35:10.6 70.0514 20.3622 1.39 B 

36 34884 8/18/91 18:05:53.9 70.0990 20.4381 1.19 B 

Remarks: 

- Despite their magnitude being above 1.0, none of these events was reported in the 
Helsinki bulletin. 

- These events clearly originate from two individual sources. As seen on Figure 2, 
events from group A form a tighter cluster than events from group B. 
- Except for one event, events from group A show consistent origin times: around 
12:25 (summer time) and 13:25 (winter time). Origin times for events from group 
B are widely spread in time. 
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Mine and event locations: 

Figure 2:      IMS event locations for area 1. 
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AREA 2 

Latitude: 70 - 720N 
Longitude: 24 - 280E 
Local magnitude range: > 0.5 
Reported mine locations: None 
Number of events in /A/52; 137 
Number of events within the magnitude range: 58 
Number of processed events: 52 
Number of events found in the Helsinki bulletin: None 
Frequency range used to process the data: 3 -16 Hz 
Processed signal length: 4s. before P, 34s. after P 
Number of reference events: 3 

Table 3: Reference events for area 2 

Event* IMS odd IMS arid IMSwfid Threshold Group 

37 324318 1231825 1931736 0.82 A 

20 301540 1006168 1411450 0.86 B 

7 32522 870589 1066283 0.95 C 

Events with the most reliable classification: 

Table 4: Sorted events for area 2 

Event # IMS orid Origin time IMSlat IMS Ion. IMS ml Group 

1 8840 1/24/91 13:29:00.9 71.1563 26.1382 0.57 A 

2 13516 snm 15:01:15.0 71.1767 26.1860 0.72 A 

3 22406 5/15/91 13:28:55.4 71.0849 26.3486 0.67 A 

4 24113 5/29/91 13:29:08.9 71.0711 26.4691 0.71 A 

10 35799 8/20/91 19:09:33.6 70.8735 26.2909 0.72 A 

28 313526 1/30/92 12:54:25.4 70.9830 26.7224 0.75 A 

29 316674 2/21/92 11:25:41.4 70.8822 26.2673 057 A 

36 323880 4/6/92 13:16:23.6 70.9557 25.8255 0.74 A 

37 324318 4/9/92 12:27:12.5 71.0545 26.1534 0.71 A 

38 325586 4/23/92 13:33:59.7 70.9935 26.1239 0.93 A 

39 327240 5/7/92 12:33:02.3 71.0709 25.9262 0.75 A 
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Table 4: Sorted events for area 2 

Event # IMS orid Origin time IMSIaL IMS Ion. IMS ml Group 

40 328318 5/19/92 13:41:08.8 71.0579 25.9543 0.63 A 

41 329027 5/26/92 13:13:52J 71.0094 25.9174 0.79 A 

42 332989 6/24/92 13:20:38.7 71,0641 26.0970 0M A 

43 332190 7/2/92 09:49:22.3 70.8710 26.2418 055 A 

47 340448 9/30/92 12:57:47.6 71.0719 26.0906 0.88 A 

48 341260 10/13/92 13:25:07.4 70.9783 25.9840 0.63 A 

49 342290 10/27/92 13:34:56.5 71.0249 26.6466 0.79 A 

50 343280 11/10/92 11:00:06.8 70.9589 26.3290 1.15 A 

11 38581 9/11/91 12:24:49.2 71.0373 24.4451 0.65 B 

12 39980 9/19/91 08:40:27.5 71.0079 24.5354 0.72 B 

14 300557 10/24/91 07:34:24.4 71.1015 24.4681 0.89 B 

15 300558 10/24/91 07:53:29.8 71.0921 24.4458 0.88 B 

16 300689 10/24/91 08:03:06.4 71.0928 24.4556 0.90 B 

17 300690 10/24/91 08:22:56.2 71.1024 24.4060 0.89 B 

18 300560 10/24/91 08:33:30.8 71.1049 24.4374 0.90 B 

19 301518 11/14/91 09:34:33.2 71.1178 24.4435 1.03 B 

20 301540 11/15/91 11:21:12.4 71.1767 24.4491 1.00 B 

21 301541 11/15/91 11:34:013 71.1574 24.4865 1.01 B 

22 301543 11/15/91 11:42:03.7 71.1894 24.6722 0.99 B 

23 301673 11/15/91 11:50:40.6 71.2002 24.2036 0.96 B 

24 301544 11/15/91 12:05:02.1 71.1320 24.3189 0.91 B 

25 301545 11/15/91 12:12:30.9 71.1037 24.4459 0.88 B 

26 301546 11/15/91 12:20:47.3 71.1862 24.3457 0.89 B 

27 301547 11/15/91 12:3006.2 71.1822 24.1852 0.92 B 

31 319667 3/6/92 14:07:36.7 71.0239 24.4218 0.60 B 

32 319782 3/4/92 13:40:53.7 71.0739 24.4628 0.53 B 

34 320118 3/10/92 11:56:48.6 71.0366 24.3070 054 B 

7 32522 7/31/91 20:23:58.9 71.0050 24.0496 054 C 

8 32527 7/J1/91 21:30:44.5 71.0008 24.0137 0.53 C 

9 32540 7/31/91 22:56:01.4 70.9880 24.0925 0.52 C 
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Remarks: 
- Events from group B are all located off-shore. They show specific origin time: 
most of them occurred either on October 24,1991 or on November 15, 1991. 
- All events from group C occurred on the same day (July 31,1991). 
- Events from group A have scattered locations and seem to occur more randomly 
over the year. 

Mine and event locations: 

Norwegiah Sea 

Figure 3:      IMS event locations for area 2. 
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AREA 3 

Latitude: 70 - 720N 
Longitude: 28 - 320E 
Local magnitude range: > 1.0 
Number of events in IMS2:154 
Number of events within the magnitude range: 69 
Number of processed events: 67 
Frequency range used to process the data:l -16 Hz 
Processed signal length: 4s. before P, 34s. after P 
Number of reference events: 5 

Table 5: Reference events for area3 

Event # IMS orid IMS arid IMSwfid Threshold Group 

67 345676 1536332 2886149 0.82 A 

2 14423 711394 500327 0.81 B 

14 29288 841401 974876 0.81 C 

46 335047 1379651 2434480 0.86 D 

50 335771 1390884 2465770 0.87 E 

1 8256 652135 1361299 - F 

Reported mine locations: 

Table 6: Mine locations for area3 

Label 

(Varangcr) 

Latitude 0N 

70.48 

Longitude 0E 

28.50 

Origin 

S. Mykkcltvcit 

Number of events found in the Helsinki bulletin: 1 

Table ?: Events found in the Helsinki bulletin for area 3 

Event # IMS orid IMs origin time IMS ml HEL location HEL label Group 

1 8256 12/16/90 00:58:27 J5 2.26 71.14 27.49 P.E. - 
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Events with the most reliable classification: 

Table 8: Sorted events for area 3 

Event* IMSorid Origin time IMSlaL IMS Ion. IMS ml Group 

13 29987 mm 16:52:23.6 70.5091 293064 1.11 A 

25 41660 9/25/91 15:04:22.2 70.4087 28.8118 1.23 A 

32 323498 4/2/92 17:18:37.6 70.3956 28.8336 1.01 A 

59 340941 10/7/92 13:31:16.9 70.3787 29.1637 1.14 A 

67 345676 12/16/92 17:20:30.0 70.3657 28.9156 1.07 A 

2 14423 3/20/91 13:35:38.3 70.3116 29.1352 1.03 B 

26 300682 10/30/91 13:25:08.5 70.3969 29.0555 1.10 B 

28 302258 12/4/91 08:41:23.0 70.3164 293765 1.08 B 

29 302581 12/11/91 14:09:12.6 703471 29.1354 1.18 B 

36 328669 5/22/92 07:34:35.3 70.3599 29.2422 1.04 B 

62 342233 10/26/92 13:54:04.1 703779 28.7142 1.08 B 

4 22312 5/8/91 15:18:00.1 70.4449 29.4308 131 C 

12 28464 7/4/91 21:10:35.8 70.3046 28.8988 1.03 C 

14 29288 7/11/91 21:23:42.8 70.4305 28.9595 1.22 C 

19 34432 8/14/91 12:28:16.5 703607 28.9402 131 C 

27 302296 11/26/91 07:27:54.4 70.4256 29.4292 138 C 

30 320329 2/26/92 17:55:31.5 70.3270 29.6533 1.03 C 

31 321425 3/19/92 17:02:03.4 70.4210 29.0862 1.06 C 

7 25686 6/5/91 13:34:39.6 70.3588 29.3286 1.24 D 

9 26032 6/11/91 13:12:43.4 70.2785 283411 1.53 D 

10 27008 6/24/91 12:47:01.1 70.3854 28.8890 1.05 D 

11 28100 6/26/91 1031:19.4 70.4157 28.9726 1.66 D 

15 31194 7/20/91 16:53:30.8 70.3707 29.3376 1.89 D 

18 34143 8/7/91 12:43:58.5 70.3466 28.6307 1.65 D 

24 38258 9/5/91 17:07:51.2 70.3763 29.5515 1.80 D 

40 331025 6/18/92 K,:52:42.5 70.2621 28.6545 1.59 D 

41 331475 6/24/92 03:20:56.9 70.2450 28.6744 1.54 D 

42 332973 7/11/92 13:47:01.7 70.3860 28.7859 1.32 D 
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Table 8: Sorted events for area 3 

Event # IMSorid OrigLi time IMSlaL IMS Ion. IMS ml Group 

43 333133 7/12/92 14:57:45.8 70.3653 28.6790 1.18 D 

44 334953 7/15/92 21:18:05.0 70.4676 29.2107 1.46 D 

45 334551 7/28/92 16:34:08.8 70.3631 29.2964 1.15 D 

46 335047 8/4/92 07:59:57.6 70.2132 28.7836 137 D 

48 335341 8/7/92 17:18:50.4 70.4333 29.0271 1.11 D 

49 335596 8/11/92 16:55:47.5 70.3241 28.9398 133 D 

51 337183 8/27/92 16:40:04.8 70.2700 28.5995 136 D 

53 337803 9/3/92 15:10:09.1 70.3482 29.2638 138 D 

55 340107 9/25/92 07:30:20.3 70.3082 28.8569 1.44 D 

56 340337 9/28/92 17:24:54.3 70.3280 28.9632 1.46 D 

3 21592 4/J0/91 15:11:56.7 70.4199 29.2814 1.24 E 

5 24338 5/29/91 14:59:04.2 70.3602 28.9529 1.26 E 

6 25047 6/4/91 13:41:16.2 70.4195 29.0910 1.18 E 

S 25987 mm 11:30:44.0 70.3345 29.5835 135 E 

17 33006 7/30/91 23:21:47.4 70.4796 29.2900 133 E 

16 32089 7/24/91 22:03:32.4 70.5116 29.2224 1.63 E 

20 35043 8/15/91 15:50:25.1 70.2630 29.0836 1.12 E 

21 35828 8/21/91 12:23:41.7 70.4859 29.2854 1.48 E 

22 35951 8/22/91 16:29:38.6 70.4374 29.3351 134 E 

33 327337 5/8/92 11:18:203 70.3872 28.8075 139 E 

34 328546 5/16/92 12:19:31.7 70.4271 28.7940 1.49 E 

35 328447 5/20/92 17:08:13.8 70.2380 28.7945 1.24 E 

37 329055 5/26/92 16:48:15.7 70.4186 28.6098 1.36 E 

38 329811 6/5/92 08:43:46.8 70.4131 28.8663 1.25 E 

39 330379 6/12/92 16:25:38.2 70.4218 28.7098 1.26 E 

47 335230 8/6/92 11:05:34.9 70.4178 29.1547 1.22 E 

50 335771 8/13/92 16:29:48.4 70.4740 28.8246 1.49 E 

52 337289 8/28/92 14:42:25.8 70.4789 28.8898 1.67 E 

54 338500 9/10/92 15:25:56.1 70.4562 29.1170 1.16 E 

57 340667 10/2/92 15:48:26.6 70.4812 28.8109 1.34 E 
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Table 8: Sorted events for area 3 

Event* IMS orid Origin time IMS lau IMS Ion. IMS ml Group 

58 340876 10/6/92 14:47:47.9 70.4692 28.8481 1.52 E 

60 341890 10/21/92 13:22:10.6 70.5623 29.0132 1.55 E 

61 342365 10/23/92 14:57:03.0 70.4605 29.2049 1.53 E 

63 342818 11/5/92 13:32:48.7 70.4101 29.1565 1.50 E 

64 342819 11/5/92 13:51:15.4 70.2880 28.8026 136 E 

65 343589 11/17/92 10:23:25.2 70.4144 29.1546 132 E 

66 344171 11/23/92 15:09:10.3 70.3836 28.7808 1.48 E 

Remarks: 
- Five reference events are necessary to represent the dififerent kinds of signals 
coming from this area. 
- The area covered by the IMS event locations is about 50 x 50 km southeast of the 
mine. 
- None of the sorted events was reported in the Helsinki bulletin. 
- The reference event for group F is also the only event in that group from the data 
set. A study using all events available in the IMS2 database for this area without 
magnitude restrictions showed that several events with local magnitude lower than 
0.7 were located further away from the array than the events from the Varanger 
mine. The reference event shows a particularly large local magnitude (2.26) with 
respect to the other events. 
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Mine and event locations: 

Figure 4:      Mine and IMS event locations for area 3. 
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AREA 4 

Latitude: 68 - 70oN 
Longitude: 12 - 180E 
Local magnitude range: - 
Number of events in IMS2:26 
Number of events within the magnitude range: 26 
Number of processed events: 20 
Frequency range used to process the data: 5 -16 Hz 
Processed signal length: 9s. before P, 84s. after P 
Number of reference events: None 
Reported mine locations: 

Table 9: Mine locations for area 4 

Tj«bel Latitude 0N Longitude 0E Origin 

JOG50 68.05 16.02 DMA 

JOG51 68.47 16.05 DMA 

Number of events found in the Helsinki bulletin: 2 

Table 10: Events found in the Helsinki bulletin for area 4 

Event # IMS orid IMS origin time IMS ml HF.I, location HELlab Group 

8 315274 1/21/92 03:12:39.9 1.98 69.28 16.85 P.E. - 

13 336716 8/14/92 04:57:21.2 2.49 68.21 12.62 P.E. - 

Remarks: 
- Most of these events have too low signal-to-noise ratios to be reliably Sorted. No 
groups can be clearly defined despite some similarities between events. 
- The two events listed in the Helsinki bulletin have dissimilar waveforms but a 
high value of cross-correlation between envelopes (0.79). 
- As shown on the map (Figure 5), these events are on average, separated by sev- 
eral tens of kilometers. The closest event to the mines is located 20 km away from 
JOGSO, and 26 km away from JOG51. The next closest event is about 50 km away 
from both mines. 
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Mine and event locations: 

Fig lire 5:      Mine and IMS event locations for area 4. 
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AREAS 
Latitude: 68 - 70oN 
Longitude: 18 - 220E 
Local magnitude range: > i.O 
Reported mine locations: None 
Number of events in IMS2:488 
Number of events within the magnitude range: 84 
Number of processed events: 77 
Number of events found in the Helsinki bulletin: None 
Frequency range used to process the data: 2 -16 Hz 
Processed signal length: 6s. before P, 56s. after P 
Number of reference events: 11 

Table 11: Reference events for area 5 

Event # IMSorid IMS arid IMSwfid Threshold Group 

38 330571 1285342 »WIT? 0.97 A 

8 15563 713115 509231 0.78 B 

13 19809 754429 700376 0.81 C 

21 28713 830250 949520 0.85 D 

44 332265 1325099 2233138 0.81 E 

63 341863 1482088 2779770 0.85 F 

36 327541 1272339 2038056 0.80 G 

15 22541 786887 777930 0.78 H 

47 333552 1354925 2297137 0.80 I 

27 35075 894218 1128149 0.79 J 

9 16814 727497 554224 0.93 K 

Events with the most reliable classification: 

Table 12: Sorted events for area 5 

Event # IMS orid IMS origin time IMSlat IMS Ion IMS ml Group 

38 330571 5/24/92 14:48:36.6 69.7824 21.9570 2.02 A 

74 345521 12/14/92 06:52:14.6 69.8267 21.9523 1.50 A 

8 15563 3/22/91 13:58:07.2 69.0184 18.4473 1.17 B 
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Table 12: Sorted evente for area 5 

Event« IMS orid IMS origin time IMSlat IMS Ion IMS ml Group 

20 27865 6/27/91 12:43:56.1 69.2248 20.0066 1.13 B 
22 29057 7/5/91 13:04:06.2 69.0436 19.2764 1.06 B 
23 29386 7/10/91 16:38:21.5 69.2672 18.7694 121 B 
13 19809 4/25/91 08:06:51.0 68.0708 19.6921 1.09 C 
32 322867 3/14/92 23:31-56.9 68.0127 2i.G828 1.16 C 
21 2^713 7/2/91 13:44:15.4 68.9479 18.8104 1.03 D 
24 31457 7/23/91 16:04:12.9 68.9784 18.7691 1.07 D 
2 3371 11/23/90 23:33:04.3 68.0097 19.8211 138 E 
4 314230 12/13/90 23:31:45.1 68.0664 21.4866 1.10 E 
5 6911 12/29/90 23:37:00.3 68.0237 21.4833 1.09 E 
12 19883 4/23/91 11:56:22.5 68.2348 20.2758 1.09 E 
25 32058 7/25/91 22:34:05.2 68.0414 20.7979 1.09 E 
37 327928 5/15/92 11:25:08.2 68.1048 21.1030 1.24 E 
43 331849 6/28/92 22:33:09.3 68.0099 20.9676 1.00 E 
44 332265 7/2/92 22:35:16.6 68.1002 21.^58 1.22 E 
49 335966 8/15/92 22:37:26.2 68.0005 21.1932 1.20 E 
41 333000 6/24/92 17:22:24.1 68.9170 18.4585 1.09 F 
42 331727 6/26/92 17:24:16.0 * 68.9884 18.9885 1.07 F 
53 337822 9/3/92 18:45:35.3 68.8783 18.8007 1.03 F 
54 338319 9/9/92 16:42:55.2 68.9341 18.8506 1.04 F 
55 339467 9/21/92 17:39:06.5 68.9612 18.7617 1.01 F 
56 340397 9/29/92 16:15:42.9 68.8711 18.5368 1.12 F 
57 340604 10/1/92 16:37:57.5 68.8890 18.4979 1.27 F 
58 340868 10/6/92 1?:13:45.6 68.7216 18.6367 1.07 F 
61 341440 10/15/92 16:25:01.8 68.8841 18.7246 1.12 F 
62 341477 10/16/92 10:59:42.7 68.8597 18.3946 1.27 F 
63 341863 10/22/92 15:58:26.6 69.1203 18.7281 1.19 F 
64 342163 10/23/92 11:38:54.7 68.8439 18.5075 1.06 F 
65 342244 10/26/92 17:22:23.8 6^.9S14 18.6261 132 F 

1     66 342347 10/28/92 16:34:19.6 68.9019 18.5917 1.08 F 
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Table 12: Sorted events for areaS 

Event # IMSorid IMS origin time IMSIat IMS Ion IMS ml 

L 
1 

Group 

F 67 342421 10/29/92 17:11:11.6 69^350 19 0822 1.08 

69 342849 11/3/92 17:15:30.0 68.7969 1&'.5595 ix; F 

70 342753 11/4/92 14:22:35.7 68.9155 18.7836 131       | F 

71 344«62 11/26/92 12:15:23.2 68.8727 18.4979 1.J3 F 

V2 344546 11/27/92 17:30:23.6 68.8075 18.5179 1.20 ■■ F 

36 327541 5/11/92 22:34:09.6 68.0209 21.7613 ?.20 G 

77 346587 12/27/92 23:33:19.8 68.0535 21.8726 1.11 O 

7 13766 3/11/91 16:26:18.8 69.6598 20.6200 1.06 H 

15 22541 5/16/91 19:22:19.9 69.7118 21.3908 1.09 H 

19 27317 6/26/91 21:46:33.4 69.6323 20.6200 1.11 H 

6 8484 1/23/91 06:52:21.0 68.4820 21.2664 1.17 
- 

I 

46 332535 7/7/92 06:03:58.8 69.4330 20.9371 1.56 8 

47 333552 7/16/92 18:35:40.8 69.8253 20.2792 1.26 1                 l 
52 337486 8/31/92 13:48:53.2 69.8816 20.3230 1.06 I 

14 21025 5/7/91 16:02:30.1 69.9819 20.4977 uo J 

26 35026 8/15/91 13:24:35.9 69.9785 20.5957 134 J 

27 35075 8/19/91 18:09:10.7 69.9372 20.5324 1J9 J 

9 16814 4/5/91 11:43:48.6 69.6312 18.9392 1.22 K 

m 39890 9/14/91 10:52:10.0 69.6494 18.9279 u,     1 K 

Remarks: 
- Several clusters of events can be seen on the map (Figure 6). 
- Events from group E (located on the South-East comer of the map) have origin 
times that cover several years while events from group F (West on the map) cover 
only several months starting in June 1992. Only 9 events were located in this area 
between November 1990 and the end of May 1992. From the same area, 29 events 
occurred between September and November 1992. Despite the absence of reported 
mines, the observations concsming events from group F may be related to an 
increase of the mining activity in this area. 
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Mine and event locations: 

Figure 6:      IMS event locations for area 5. 
A H«4 
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AREA 6 
Latitude: 68 - 70oN 
Longitude: 22 - 260E 
Local magnitude range: > 0.5 
Reported mine locations: None 
Number of events in IMS2:196 
Number of events within the magnitude range: 41 
Number of processed events: 38 
Frequency range used to process the data: 2 -16 Hz 
Processed signal length: 4s. before P, 39s. after P 
Number of reference events: 3 

Table 13: Reference events for area 6 

Event # IMS orid IMS arid IMS wfid Threshold Group 

15 302474 1009851 1510948 0.95 A 
8 36875 903159 1149038 0.83 B 
13 38132 925864 1205117 0.91 C 

Number of events found in the Helsinki bulletin: 5 

Table 14: Events found in the Helsinki bulletin for area 6 

Event# IMS orid IMS origin time IMS ml HEL location HEL lab Group 

5 18004 4/13/91 21:18:33.9 2.28 69.29 24.08 P.E. . 

24 334923 7/18/92 13:51:12.4 2.13 6839 25.52 EARTH. . 

15 302474 12/9/91 13:33:40.7 2.05 68.13 23.43 EARTH. A 
28 337339 8/29/92 09:15:01.8 1.44 68.0496 25.9575 - C 
29 337544 9/1/92 10:15:02.8 1.16 68.0599 25.6750 - C 

Events with the most reliable classification: 

Table 15: Sorted events for area 6 

Event* IMS orid Origin time IMSlat, IMS Ion. IMS ml Group 

15 302474 12/9/91 13:33:40.7 68.1606 23.8104 2.05 A 
17 302716 12/5/91 04:21:36.0 68.2901 23.5691 0.84 A 
8 36875 8/27/91 08:37:56.1 69.2194 22.6876 0.60 B 
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Table 15: Sorted events for area 6 

Event # IMS odd Origin time IMSbt IMS Ion. IMS ml Group 

9 36910 8/27/91 16:46:59.4 69.1511 22.4704 056 B 

10 36524 8/30/91 13:33:22.3 69.0765 22.3266 0.68 B 

11 37473 8/31/91 08:45:01.5 68.0077 25.8726 1.08 C 

12 37683 9/3/91 09:21:02.1 68.0055 25.7938 1.24 C 

13 38132 9/5/91 08:14:59.3 68.0005 25.9371 132 C 

28 337339 8/29/92 09:15:01.8 68.0496 25.9575 1.44 C 

29 337544 9/1/92 10:15:02.8 68.0599 25.6750 1.16 C 

Remarks: 

- Given the scattered locations of these events, the absence of reported mines, and 
the identification of two of these events as earthquakes made by the Finnish ana- 
lysts, all these events arc more likely to be earthquakes. 
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Mine and event locations: 

Figure 7:      IMS event locations for area 6. 
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AREA? 
Latitude: 68 - 70oN 
Longitude: 26 - 30oE 
Local magnitude range: > 0.5 
Number of events in IMS2:113 
Number of events within the magnitude range: 36 
Number of processed events: 31 
Frequency range used to process the data: 1 -16 Hz 
Processed signal length: 5s. before P, 45s. after P 
Number of reference events: 3 

Table 16: Reference events for area 7 

Event # IMS orid IMS arid IMSwfid Threshold Group 

13 301570 1006637 1421320 0.82 A 

30 344716 1522802 2870538 0.77 B 

4 8747 595924 1371904 0.81 t 

Reported mine locations: 

Table 17: Mine locations for area 7 

Label Latitude "N Longitude "E Origin 

HPl 69.6 29.9 old.HELS 

HNl 69.6 29.9 HELS 

Number of events found in the Helsinki bulletin: 4 

Table 18: Events found in the Helsinki bulletin for area 7 

Event # IMS orid IMS origin time IMS ml HEL location HEL lab Group 

2 314336 12/19/90 12:34:54.2 1.96 HK3 EXP - 

10 300059 10/2/91 08:22:19.4 1.97 HNl EXP. A 

13 301570 11/19/91 08:24:14.3 1.84 HNl EXP. A 

2, 335581 8/11/92 11:25:18.2 1.82 HNl EXP. B 
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Events with the most reliable classification: 

Table 19: Sorted events for area 7 

Event« IMS odd Origin time IMSlaL IMS Ion. IMS ml Group 

10 300059 10/2/91 08:22:19.4 69.5383 2?.9079 1.97 A 

13 301570 11/19/91 08:24:143 69.6760 29.9374 1.84 A 

20 331971 6/30/92 06:50:41.5 693529 29.8912 1.82 A 

22 336142 8/18/92 10:32:59.4 693202 29.9474 1.71 A 

25 340933 10/7/92 12:33:57.6 693906 29.7712 1.86 A 

19 331868 6/29/92 06:56:28.2 693603 29.9880 2.12 B 

21 335581 8/11/92 11:25:18.2 69.5724 28.6357 1.82 B 

24 340366 9/29/92 08:07:47.8 69.6056 28.6017 1.41 B 

30 344716 12/1/92 11:13:08.7 69.5941 28.9453 2.12 B 

31 346728 12/30/92 08:36:54.1 69.5365 29.9416 1.86 B 

4 8747 1/24/91 12:19:31.0 69.8293 293233 032 C 

7 20083 4/J0/91 11:23:19.2 69.7730 29.2183 032 C 

27 342389 10/29/92 09:09:41.7 69.1538 29.9561 0.88 C 

Remarks: 
- Only half of the processed events were reliably associated with one of the three 
groups. The other half consists of a few multiple events, and of events having dis- 
similar waveforms. 

36 



Mine and event locations: 

Figure 8:      Mine and IMS event locations for area 7. 
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AREAS 

Latitude: 68 - 690N 
Longitude: 30 - 320E 
Local magnitude range: 0.5 
Reported mine locations: None 
Number of events in IMS2:83 
Number of events within the magnitude range: 56 
Number of processed events: 51 
Frequency range used to process the data: 3 - 16 Hz 
Processed signal length: 8s. before P, 73s. after P 
Number of reference events: 5 

Table 20: Reference events for area 8 

Event* IMS orid IMS arid IMSwfid Threshold Group 

43 336069 1391753 2476339 0.79 A 

35 331799 1323580 2212231 0.80 B 

7 16175 727263 540296 0.84 C 

46 340138 1448044 2716134 0.79 D 

25 314771 1178241 1686210 0.79 E 

Number of events found in the Helsinki bulletin: 2 

Table 21: Events found in the Helsinki bulletin for area 8 

Event # IMS orid IMS origin time IMS ml HEL location HH, label Group 

27 324417 4/10/92 10:08:25.2 1.40 HK1 EXP A 

35 331799 6/28/92 05:23:54.3 1.50 HK4 EXP B 

Events with the most reliable classification: 

Table 22: Sorted events for area 8 

Event # IMS orid Origin time IMSlat IMS Ion IMS ml Group 

24 313001 1/28/92 09:21:30.3 68.0797 31.7076 1.29 A 

27 324417 4/10/92 10:08:25.2 68.2027 30.9844 1.40 A 

28 324802 4/15/92 11:11:19.7 68.3303 31.1243 1.08 A 

30 327073 5/6/92 06:36:47.5 68.0227 31.9220 0.96 A 
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Table 22: Sorted events for areaS 

Event# IMS orid Origin time IMSlat IMS Ion IMS ml Group 

31 328976 5/26/92 06:55:12.2 68.1506 31.5145 1.20 A 

32 329199 5/28/92 10:13:06.1 68.0118 31.6730 1.09 A 

37 332429 7/5/92 10:21:57.9 68.0508 31.9934 2.02 A 

38 332856 7/10/92 09:36:04.6 68.0340 31.6952 130 A 

40 334020 7/22*12 00:39:36.2 68.2655 31.7353 0.79 A 

43 336069 8/17/92 11:07:34.4 68.2146 31.2141 130 A 

45 340137 9/25/92 10:36:25.8 68.1068 31.0948 0.84 A 

49 343680 11/18/92 11:50:50.8 68.0527 30.8637 0.62 A 

35 331799 6/28/92 05:23:54.3 68.2131 31.6495 1.50 B 

39 333127 7/12/92 12:55:54.5 68.0445 31.8342 130 B 

47 340652 10/2/92 12:35:50.1 68.0238 31.8404 1.69 B 

7 16175 4/4/91 12:20:23.4 68.9245 31.5459 0.75 C 

8 16183 4/4/91 14:08:30.3 68.8594 31.4075 039 C 

9 16249 4/5/91 11:31:22.2 68.8563 31.8483 0.68 C 

4 14133 3/18/91 04:12:39.4 68.0812 31.2102 036 D 

5 15094 3/20/91 09:14:55.5 68.6318 31.9570 037 D 

6 16645 3,79/91 10:35:00.7 68.6094 31.9555 0.72 D 

10 16832 4/5/91 12:17:50.5 68.7257 31.6449 1.63 D 

12 20053 4/26/91 14:08:47.5 68.8130 31.9610 0.65 D 

16 30794 7/22/91 12:05:10.3 68.8158 30.9257 0.94 D 

18 36579 8/28/91 04:19:49.0 68.8529 31.8363 0.86 D 

34 32V826 6/5/92 10:52:18.9 68.0912 30.5013 1.22 D 

36 332163 7/2/92 07:03:05.3 68.9766 31.9547 0.76 D 

41 334757 7/31/92 03:24:43.1 68.9833 31.6997 0.78 D 

46 340138 9/25/92 10:43:43.4 68.8111 31.4930 1.11 D 

48 342136 10/23/92 11:06:133 68.0369 31.7259 1.80 D 

50 344712 12/1/92 10:31:03.6 68.9996 30.7156 0.97 D 

3 9043 1/25/91 23:44:17.4 68.9273 30.3477 0.54 E 

21 302085 11/30/91 13:54:48.1 68.9108 30.0423 0,70 E 

22 302630 12/7/91 13:15:10.4 68.9549 30.1336 0.56 E 
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Table 22: Sorted events for area 8 

Event« IMS mid Origin time IMSlat IMS ion IMS ml Group 

25 314771 2/6/92 20:25:00.7 68.9498 30.0704 0.54 E 
26 323020 300/92 17:57:35.8 68.9439 30.2489 0.55 E 
33 329784 6/4/92 13:11:21.4 68.9879 30.1577 1.04 E 
42 335086 8/4/92 13:21:59.9 68.8455 30.1376 0.51 E 

Remarks: 

- Two clusters of events can be seen on the location map (FiguK 9). They consist 
of events from groups A and B for the southernmost cluster and of events from 
groups C, D and E for the northern cluster. 
- The closest mines HK3. HK4, HK7 and HK 11 arc located in areas 11,9,19 and 
10 respectively at distances of about 50 km from the closest events. 
- The events reported in the Helsinki bulletin have locations further east than the 
IMS locations. If the Helsinki locations arc more accurate, there is an important 
bias in the IMS locations. 
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Mine and event locations: 
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Figure 9:      Mine and IMS event locations for area 8. 
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AREA 9 

Latitude: 68 - 6. SrN 
Longitude: 32 - 340E 
Local magnitude range: > 2.0 
Number of events in /A/52; 230 
Number of events within the magnitude range: 77 
Number of processed events: 66 
Frequency range used to process the data: 2 -16 Hz 
Processed signal length: 8s. before P, 68s. after P 
Number of reference events: 6 

Table 23: Reference events for airea 9 

Event« IMS orid IMS arid IMS wfid Threshold Group 

13 20330 760536 735033 0.80 A 

I 3014 518988 1350700 0.82 B 

22 30603 848238 985523 0.8 C 

29 302119 1008024 1451950 0.78 D 

44 325195 1234330 1963734 0.82 E 

48 333501 1354768 2295313 0.83 F 

Reported mine locations: 

Table 24: Mine locations for area 9 

Label Latitude 0N Longitude 0E Origin 

SD39 68.040 33.229 SPOT 

SD38 68.082 33.219 SPOT 

HD6 68.1 33.2 old.HRI.S 

SI" 68.112 32.986 SPOT 

SD35 68.120 33.400 SPOT 

SD36 68.133 33.162 SPOT 

JOG58 68.15 33.25 JOG 

HK4 68.16 33.18 HELS 

JOG59 68.25 33.27 JOG 
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Table 24: Mine locations for area 9 

Label Latitude 0N Longitude 0E Origin 

SD34 68.251 33^67 SPOT 

SD33 68.268 33.403 SPOT 

Number of events found in the Helsinki bulletin: 51 

Table 25: Events four»     , the Helsinki bulletin for area 9 

Event# IMSorid IMS origin tuiio IMS ml HEL location HFT.lab Group 

15 23219 5/18/91 11:57:40.9 117 HD6 EXP - 

16 24309 5/25/91 11:01:19.8 2.13 HD6 EXP - 

17 24306 5/25/91 11:01:30.7 115 HD6 EXP - 

2 8102 11/24/90 11:32:46.2 113 HD6 EXP - 

20 26913 6/22/91 12:01:37.2 123 HK4 EXP - 

32 303116 12/28/91 13:02:27.3 107 HK4 EXP - 

7 6017 1/5/91 11:29:13.4 ?.,?,5 HD6 EXP - 

9 8742 1/24/91 11:47:24.7 113 HD6 EXP A 

13 20330 4/30/91 12:09:01.4 114 68.11 32^3 - A 

34 303577 12/26/91 11:33:57.2 119 HK4 EXP A 

42 324420 4/10/92 10:09:183 103 HK4 EXP A 

54 335830 8/14/92 10:25:50.9 120 HK4 EXP A 

1 3014 11/6/90 12:18:20.6 149 HD6 EXP B 

12 19005 4/18/91 12:59:05.0 131 HD6 EXP B 

35 303579 1/14/92 10:58:04.1 123 HK4 EXP B 

5 10053 11/29/90 12:59:56.1 2.29 HD6 EXP C 

14 22302 5/8/91 12:01:35.7 106 HD6 EXP C 

19 24940 6/1/91 11:18:00.2 2.12 HK5 EXP C 

22 30603 7/16/91 11:30:24.0 2.09 HK4 EXP C 

31 302724 12/5/91 10:13:00.0 127 HK4 EXP C 

33 303576 12/26/91 11:31:38.1 150 HK4 EXP C 

43 325090 4/17/92 10:01:19.7 123 HK4 EXP C 

46 330598 6/Ö/92 08:45:51.? 2.32 HK4 EXP C 
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Table 25: Events found in the Helsinki bulletin for area 9 

Event« IMSorid IMS origin time IMS ml HEL location HEI.lab Group 

49 333608 7/17/92 10:14:50,7 119 68.11 3189 - C 

24 35865 8/22/91 11:33:17.8 2.01 HK4 EXP D 

28 301636 11/14/91 12J2:21J 2.03 HK4 EXP D 

29 302119 11/23/91 10:55:56.5 129 HK4 EXP D 

53 335815 8/14/92 08:03:37.5 2.44 HK4 EXP D 

55 337855 9/4/92 10:16:14.8 2.03 HK4 EXP D 

6 5212 12/22/90 11:28:03.1 127 68.12 |   3239 - E 

8 316768 1/10/91 12:25:03.0 120 HD6 EXP E 

11 16659 3/29/91 11:57:16.1 102 HD6 EXP E 

18 24939 6/1/91 11:01:08.1 106 HK4 EXP E 

21 29261 7/6/91 11:22:13.9 111 HK4 EXP E 

23 31179 7/20/91 11:31:31.2 109 HK4 EXP E 

25 36498 8/24/91 11:27:31.6 114 HK4 EXP E 

26 300758 10/25/91 12:01:41.6 120 HK4 EXP E 

27 301391 11/6/91 12:50:023 140 HK4 EXP E 

30 302511 12/7/91 11:01:54.2 123 HK4 EXP E 

36 315459 2/1/92 09:47:03.4 100 HK4 EXP E 

38 316273 2/20/92 09:1739.4 110 HK4 EXP E 

40 320032 3/9/92 09:19:30.6 103 HK4 EXP E 

41 321680 3/21/92 11:06:43.1 101 HK4 EXP E 

44 325195 4/18/92 09:56:45.1 107 HK4 EXP E 

45 326368 4/29/92 08:55:17.8 106 HK4 EXP E 

47 330602 6/6/92 10:16:43.9 136 HK4 EXP E 

50 334325 7/25/92 09:52:01.7 2.09 HK4 EXP E 

51 334859 8/1/92 10:10:35.6 113 HK4 EXP E 

56 338669 9/10/92 10:27:23.4 2.11 HK4 EXP E 

57 338626 9/12/92 10:51:49.0 107 HK4 EXP E 

10 10130 2/1/91 11:07:47.3 116 HD6 EXP F 

48 333501 7/16/92 10:19:18.4 2.12 68.09 33.09 - F 
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Events with the most reliable classification: 

Table 26: Sorted events for area 9 

Event # IMSorid IMS origin time IMSlat IMS Ion IMS ml Group 

9 8742 1/24/91 11:47:24.7 68.111« 32.8434 2.13 A 

13 20330 4/30/91 12:09:01.4 68.1934 32.6467 2.14 A 

34 303577 12/26/91 11:33:57.2 68.0013 323579 2.19 A 

37 314556 12/27/90 11:31:05.4 683407 33.2841 2.05 A 

42 324420 4/10/92 10:09:18.3 68.0041 32.6148 2.03 A 

54 335830 8/14/92 10:25:50.9 68.1056 32.9570 2.20 A 

1 3014 11/6/90 12:18:20.6 68.0934 323025 2.49 B 

12 19005 4/18/91 12:59:05.0 68.0319 32.9389 231 B 

35 303579 1/14/92 10:58:04.1 68.0248 32.4510 2.23 B 

5 10053 11/29/90 12:59:56.1 68.1241 32.7919 2.29 C 

14 22302 5/8/91 12:01:35.7 68.3248 32.0255 2.06 C 

19 24940 6/1/91 11:18:00.2 68.0251 32.9923 2.12 C 

22 30603 7/16/91 11-30:24.0 68.2394 32.7902 2.09 C 

31 302724 12/5/91 10:13:00.0 68.1593 33.0261 2.27 C 

33 303576 12/26/91 11:3138.1 68.0206 323903 230 C 

43 325090 4/17/92 10:01:19.7 68.0334 32.6147 2.23 C 

46 330598 6/6/92 08:45:513 68.1338 33.1541 232 C 

49 333608 7/17/92 10:14:50.7 68.0545 32.1319 2.19 C 

52 335227 8/6/92 10:17:50.8 68.1278 32.4300 2.42 C 

61 344775 12/2/92 11:08:26.8 68.0763 32.9638 2.18 C 

24 35865 8/22/91 11:33:17.8 68.0487 32.8397 2.01 D 

28 301636 11/14/91 12-52-21.3 68.0380 33.2435 2.03 D 

29 302119 11/23/91 10:55:56.5 68.0542 32.5747 2.29 D 

53 335815 8/14/92 08:03:37.5 68.1547 33.2265 2.44 D 

55 337855 9/4/92 10:16:14.8 68.0691 32.4737 2.03 D 

58 340651 10/2/92 12-40:37.6 68.2149 32.7737 2.05 D 

62 344962 12/3/92 10:25:33.9 68.1559 32.5389 2.47 D 

64 346218 12/18/92 12:09:51.8 68.1122 33.1321 2.62 D 
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Table 26: Sorted events for area 9 

Event# IMSorid IMS origin time IMSlat IMS Ion IMS ml Group 

6 5212 12/22/90 11:28:03.1 68.0453 32.7561 2.27 E 

8 316768 1/10/91 12:25:03.0 68.0855 32.4765 7.70 E 

11 16659 3/29/91 11:57:16.1 68.0427 32.4041 2.02 E 

18 24939 6/1/91 11:01:08.1 68.0190 32.5212 2.06 E 

21 29261 7/6/91 11:22:13.9 68.1005 32.3338 2.11 E 

23 31179 7/20/91 11:31:31.2 68.1587 32.8559 2.09 E 

25 36498 8/24/91 11:27:31.6 68.0488 32.6091 2.14 E 

26 300758 10/25/91 12:01:41.6 68.0285 32.8665 2^0 E 

27 301391 11/6/91 12:50:02.5 68.1162 33.1717 2.40 E 

30 302511 12/7/91 11:01:54.2 68.0577 32.7845 2,23 E 

36 315459 2/1/92 09:47:03.4 68.1287 32.9233 2.00 E 

38 316273 2/20/92 09:17:59.4 68.1401 32.9917 2.10 E 

39 321572 3/3/92 11:11:36.9 68.1202 33.0678 2.71 E 

40 320032 3/9/92 09:19:30.6 68.0134 33.2149 2.03 E 

41 321680 3/21/92 11:06:43.1 68.0302 33.5280 2.01 E 

44 325195 4/18/92 09:56:45.1 68.0499 33.4924 2.07 E 

45 326368 4/29/92 08:55:17.8 68.0831 32.7108 2.06 E 

47 330602 6/6/92 10:16:43.9 68.1529 33.2488 236 E 

50 334325 7/25/92 09:52:01.7 68.1250 33.4559 2.09 E 

51 334859 8/1/92 10:10:35.6 68.0062 33.1945 2.13 E 

56 338669 9/10/92 10:27:23.4 68.0505 32.9486 2.11 E 

57 338626 9/12/92 10:51:49.0 68.0567 33.1630 2.07 E 

59 341707 10/17/92 11:02:29.9 68.1366 33.0420 2.23 E 

60 342801 11/5/92 11:29:33.1 68.0090 32.9639 2.43 E 

63 345203 12/11/92 10:53:27.1 68.0842 32.9936 2.42 E 

10 10130 2/1/91 11:07:473 68.1833 33.0490 2.16 F 

48 333501 7/16/92 10:19:18.4 68.0304 32.7308 2.12 F 

65 346171 12/23/92 10:43:39.2 68.1142 33.0272 2.48 F 
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Remarks: 
- Figure 10 shows that the IMS evenr locations are systematically located too close 
the to ARCESS array with respect to the mine locations shown on the map. 
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Figure 10:    Mine and IMS event locations for area 9. 
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AREA 10 

Latitude: 68.5 - 690N 
Longitude: 32 - 340E 
Local magnitude range: > 1.0 
Number of events in IMS2:129 
Number of events within the magnitude range: 77 
Number of processed events: 69 
Frequency range used to process the data: 3 -16 Hz 
Processed signal length: 7s. before P, 61s. after P 
Number of reference events: 11 

Table 27: Reference events for area 10 

Event # IMS orid IMS arid IMSwfid Threshold Group 

40 300626 1003170 1344257 0.83 A 

11 16067 720258 543398 0.84 B 

42 312825 1030299 1595182 0.89 C 

29 30828 849023 992066 0.90 D 

60 331691 1323165 2206447 0.91 E 

8 14379 704395 483826 0.85 F 

3 7015 566251 1365163 0.84 G 

35 36093 897783 1141049 0.84 H 

33 34142 879848 1097771 0.86 I 

38 41745 956660 1284134 0.83 J 

68 345142 1527877 2882856 0.88 K 

Reported mine locations: 

Table 28: Mine locations for area 10 

Label I.atitude0N Longitude 0E Origin 

JOG62 68.69 33.11 JOG 

SD32 68.700 33.125 SPOT 

SD31 68.791 33.146 SPOT 

SD30 68.792 33.133 SPOT 

HD5 68.8 33.0 old HFI.S 
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Table 28. Mine locations for area 10 

Label Latitude 0N Longitude TE Origin 

JOG64 68.87 33.02 JOG 

HK11 68.87 33.03 HELS 

SD29 68.872 33.025 SPOT 

10065 68.93 33.08 JOG 

SD28 68.930 33.096 SPOT 

SD27 68.943 32.965 SPOT 

SD26 68.997 31871 SPOT 

SD2S 68.999 32.910 SPOT 

Number of events found in the Helsinki bulletin: 6 

Table 29: Events found in the Helsinki bulletin for area 10 

Event # IMS «id IMS origin time IMS ml HFJ, location HFJ, lab Group 

30 31063 7/19/91 14:09:20.1 1.28 HK6 EXP - 

40 300626 10/29/91 15:27:02.1 1.59 HK11 EXP A 

11 16067 3/29/91 04:00:09.2 132 HD7 EXP B 

60 331691 6/26/92 10:39:58.7 139 HK11 EXP E 

38 41745 9/27/91 03:59:25.4 139 6932 33.14 - J 

7 10106 2/1/91 09:56:59.2 1.85 HD7 EXP K 

Events with the most reliable classification: 

Table 30: Sorted events for area 10 

Event* IMS orid IMS origin time IMSlat IMS Ion IMS ml Group 

2 314126 12/12/90 12 ',J:21.6 68.7715 32.1792 138 A 

12 17463 4/9/91 14:26:11.8 68.5887 32.4897 132 A 

34 34690 8/8/91 15:50:053 68.6584 32.4886 132 A 

40 300626 10/29/91 15:27:02.1 68.6345 33.1451 139 A 

49 321702 3/6/92 14:59:33.4 68.5324 32.6953 133 A 

54 323552 3/27/92 15:00:043 68.6074 32.5914 1.47 A 

1 8307 11/26/90 12:49:26.1 68.7582 32.2233 1.22 B 
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Table 30: Sorted events for area 10 

Event« IMSorid IMS origin time IMSIat IMS Ion IMS ml Group 

5 8513 1/23/91 13:08:48.0 68.7699 32.4519 112 B 

11 16067 3/29/91 04:00:09.2 68.9605 32.5207 132 B 

13 17831 4/12/91 04:00:09.1 68.9041 32.2265 111 B 

IS 197S7 4/25/91 03:57:24.1 68.8918 32.4924 117 B 

27 28216 7/3/91 03:58:20.9 68.8507 314183 134 B 

46 315385 2/4/92 11:27:083 68.7665 314565 1.42 B 

SO 320047 3/9/92 13:35:08.9 68.9313 32.8643 131 B 

S7 326472 4/8/92 03:11:34.8 68.9602 32.5605 1.17 B 

9 14917 3/19/91 11:55:11.2 68.9924 32.3357 1.19 C 

42 312825 12/27/91 11:10:59.6 68.8949 32.5424 112 C 

S6 325642 4/2/92 14:21:50.5 68.9111 32.6140 110 C 

19 22737 S/14/91 03:59:31.4 68.8652 32.3025 1.13 D 

25 27652 6/18/91 03:55:16.5 68.8607 32.4419 1.04 D 

29 30828 7A7/91 03:59:46.9 68.8617 32.7175 1.40 D 

36 38246 9/10/91 04:06:21.2 68.8700 32.2555 133 D 

43 311924 1/9/92 15:47:57.1 68.5647 32.3529 133 D 

4S 313M8 1/28/92 12:33:14.6 68.9137 323189 134 D 

64 339495 9/22/92 03:11:44.0 68.7818 32.2639 1.23 D 

51 320316 3/11/92 12:07:11.6 68.7842 32.4499 1.26 E 

59 325573 4/23/92 11:58:53.9 68.8192 32.3994 1.41 E 

60 331691 6/26/92 50:39:58.7 68.8217 32.3637 139 E 

66 342803 11/5/92 11:25:43.6 68.7747 32.5809 1.22 E 

6 10033 1/31/91 12:48:42.8 68.7419 32.3917 1.45 F 

8 14379 3/13/91 12:26:47.1 68.6820 32.5310 1.42 F 

16 19845 4/25/91 12:36:03.6 68.8367 32.5387 1.09 F 

28 28953 7/4/91 12:29:35.2 68.9393 32.6537 1.09 F 

3 7015 12/28/90 09:58:29.5 68.8679 32.7613 134 G 

4 11189 1/18/91 10:01:12.4 68.6815 33.3106 134 G 

39 41760 9/27/91 10:00:23.2 68.8250 32.7691 1.49 G 

41 303197 12/20/91 11:39:10.4 68.8814 32.6514 1.42 G 
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Table 30: Sorted events for area 10 

Event # IMS orid IMS origin time IMSlat IMS Ian IMS ml Group 

14 17744 4/16/91 04:07:15.0 68.9114 323066 1.08 H 

32 34085 8/7/91 04:00:193 68.5754 32.5251 1.14 H 

35 36093 8/23/91 04:03:21.7 68.5925 32.6554 Ml H 

24 25880 #7/91 12:18:19.4 68.7914 323562 1.05 

33 34142 inm 12:33:393 68.8711 314831 135 

63 337950 8/26/92 10:41:46.9 68.6490 32.4015 IM 

65 341410 imsm 11:42:57.4 68.7151 32.4577 1.07 

10 15436 3/22/91 03:59:15.7 68.8590 32.4801 1.15 

21 23026 5/17/91 04:00:43.4 68.7359 32.5636 1.49 

22 24781 501/91 03:55:27.2 68.9694 32.6038 12S 

23 25810 enm 03:57:44.6 68.8822 32.0490 1.08 

38 41745 9/27/91 03:59:25.4 68.9312 32.6721 139 

47 315692 2/4/92 13:06:40.9 68.9545 32.2187 1.28 

52 324153 3/25/92 14:36:58.7 68.7387 32.3526 1.28 

58 325377 4/21/92 11:41:01.4 68.8199 32.2844 1.24 

7 10106 2/1/91 09:56:59.2 68.7802 32.8438 1.85 K 

26 27547 6/28/91 09:58:22.9 68.9607 32.6514 1.49 K 

37 40640 mom 09 55:21.6 

C9:58.-48,7 

r<8.?705 

68.7385 

32.302: 132 K 

K 48 321570 3/3/92 32334j L; i      i 

53 323;!)5 3/27/92 09:57:57.4 68.7585 32.4849 1.50 K 

55 323139 3/31/92 09:09:39.0 68.8690 32.6641 1.46 K 

67 34?S67 11/20/92 09:58:34.7 68.9689 32.1329 1.19 JC 

68 345142 12/8/92 10:05:54.0 68.8444 33.8826 1.70 K 

69 346644 12/29/92 09:59:42.2 68.9428 32.5805 138 K 

Remarks: 

- Figure 11 shows that the IMS event locations are systematically located too close 
to the ARCESS array with respect to the mine locations shown on the map. 
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Mine and event locations: 

' 6»2&, ASD27 
»JO      a scr 

„   ^f«* .56 

•  23   „ 4.1 

B  30 
ASD28 

" f6l'9Z°J^o    ' S^ff37      Aww^   . is 

61    " 581669 
a   16 

n 39 

10 ^.64        "  51,,  2^ 
'  2 6 An "  66 

o 5^      "a^-Sl 
a   65 

o   17 
12      Aaiasa 

a   7        'I 

•   6J 

a   8 

*34. 

ASD32 
a 4 

» 44 
o 40 

o  43 

a   54 
12      ■  35 

a  32 

o  49 
a   62 

a   68 

K) 

Russia 

Figure 11:     Mine and IMS event locations for area 10. 
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AREA 11 
Latitude: 69 - 70oN 
Longitude: 30-3l0E 
Local magnitude range: > 2.0 
Number of events in /A/52; 1091 
Number of events within the magnitude range: 167 
Number of processed events: 126 
Frequency range used to process the data: 1 -16 Hz 
Processed signal length: 6s. before P, 51s. after P 
Number of reference events: 6 

Table 31: Reference events for area 11 

Event« IMSorid IMS arid IMSwfid Threshold Group 

125 347014 1558405 2888898 0.76 A 

40 34154 880033 1098200 0.77 B 

18 12932 621250 1376344 0.67 C 

83 325993 1230655 1907025 0.81 D 

41 35098 883272 1124174 0.8 E 

97 331M6 1320180 2198758 0.78 F 

Reported mine locations: 

Table 32: Mine locations for area 11 

Label Latitude 0N Longitude "E Origin 

SD4 69329 30.019 SPOT 

SD2 69367 30.093 SPOT 

SD3 69368 30.134 SPOT 

JOG67 69.39 30.33 JOG 

SD7 69398 30.614 SPOT 

HD2 69.40 30.80 old_HELS 

HK3 69.40 30.80 HELS 

SD8 69.401 30.847 SPOT 

SD9 69.409 30.953 SPOT 

JOG66 69.42 30.28 JOG 

55 



Table 32: Mine locations for area 11 

Label Latitude "N Longitude 0E Origin 

N400 69.42 30.80 NORW 

SD6 69.432 30.527 SPOT 

SDS 69435 30331 SPOT 

SD1 69.597 30.049 SPOT 

N4 69.65189 30.02533 NORW 

Number of events found in the Helsinki bulletin: 101 

Table 33: Events found in the Helsinki bulletin for area 11 

Event« IMSorid IMS origin time IMS ml HEL location HFI.Iab Group 

80 321808 3/20/92 12:59:42.6 2.33 HK3 EXP - 

11 7120 12/28/90 12:37:29.2 2.57 HK3 EXP A 

25 20047 4/26/91 12:39:06.4 2.20 HK3 EXP A 

60 303237 12/21/91 13:18:06.7 2.05 HK3 EXP A 

14 9389 1/29/91 12:43:08.7 2.26 HN1 EXP B 

32 26119 6/12/91 07:13:03.1 ?..05 HN1 EXP B 

40 34154 8/7/91 14:25:23.8 2.26 HN1 EXP B 

56 301510 11/18/91 08:29:32.5 2.04 HN1 EXP B 

17 12931 2/6/91 12:31:43.7 2,78 HK3 EXP C 

18 12932 2/6/91 12:31:59.0 2.84 HK3 EXP C 

37 32930 7/31/91 12:44:07,2 2.20 HK3 EXP C 

100 332889 7/10/92 11:34:29.1 2.16 HK3 EXP C 

106 336573 8/21/92 11:13:523 2.27 HK3 EXP C 

108 337866 9/4/92 11:28:17.8 2.69 HK3 EXP C 

111 340165 9/25/92 12:11:26.2 2.44 HK3 EXP C 

3 4979 11/13/90 12:01:14.6 2.02 HN1 EXP D 

7 300017 12/7/90 10:37:32.2 2.16 HN1 EXP D 

19 13486 3/7/91 11:57:42.1 2.63 HN1 EXP D 

28 21152 5/2/91 07:27:28.4 2.29 HN1 EXP D 

43 34674 8/13/91 06:57:53.6 2.26 69.63 30.19 - D 
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Table 33: Events found in the Helsinki bulletin for area 11 

Event* IMS orid IMS origin time IMS ml HEL location HFT.lab Group 

75 321605 3/3/92 23:00:49.3 2.22 HN1 EXP D 

78 322300 3/13/92 08:14:15.2 2.00 HN1 EXP D 

83 325993 4/6/92 07:21:30.4 2.25 HK3 EXP D 

41 35098 8/9/91 12:52:23.4 2.56 HK3 EXP E 

4 5887 11/16/50 12:32:16.1 2.18 HK3 EXP F 

5 5888 11/16/90 12:33:31.4 3.03 HK3 EXP F 

6 9501 11/28/90 12:30:03.0 2.48 HK3 EXP F 

8 313956 12/7/90 12:5218.0 2.29 HK3 EXP F 

9 4357 12/19/90 12:36:18.0 2.25 HK3 EXP F 

10 9601 12/21/90 12:12:13.7 2.61 HK3 EXP F 

12 319822 1/11/91 12:26:05.5 2.64 HK3 EXP F 

13 11206 1/18/91 12:45:54.8 2.40 HK3 EXP F 

15 10038 1/31/91 12:55:46.1 2.45 HK3 EXP F 

16 10157 2/1/91 12:50:27.4 2.39 HK3 EXP F 

20 15120 3/20/91 12:59:14.5 2.36 HK3 EXP F 

21 15119 3/20/91 12:56:47.5 2.43 HK3 EXP F 

22 16662 3/29/91 12:48:24.2 2.22 HK3 EXP F 

23 V6831 4/5/91 12:12:421 2.32 HK3 EXP F 

24 17743 4/10/91 12:25:08.5 2.26 HK3 EXP F 

26 20049 4/26/91 12-39:523 2.32 HK3 EXP F 

27 20449 4/30/91 12:3^:46.5 3.44 HK3 EXP F 

29 24872 5/31/91 12:39:13.9 2.41 HK3 EXP F 

30 25681 6/5/91 12:30:59.7 2.28 HK3 EXP F 

31 25884 6/7/91 12:46:20.9 2.19 HK3 EXP F 

33 2904* 7/5/91 12:20:10.9 2.35 HK3 EXP F 

34 29049 7/5/91 12:21:01.0 2.47 HK3 EXP F 

35 30841 7/17/91 12:18:36.7 2.38 HK3 EXP F 

36 31701 7/24/91 12:30:58.2 2.36 HK3 EXP F 

39 32971 7/31/91 13:30:04.5 2.38 HK3 EXP F 

44 35829 8/21/91 12:43:12.3 2.62 HK3 EXP F 
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Table 53: Events found in the Helsinki bulfeUn for area 11 

Event« IMSorid IMS origin time IMS ml HEL location HFJ.Iab Group 

45 37564 8/30/91 12:22:24.6 2.37 HK3 EXP F 

47 38374 9/6/91 14:11:15.0 2.42 HK3 EXP F 

48 39500 9/13/91 12:25:51.5 2.64 HK3 EXP F 

49 40446 9/18/91 12:30:33.7 2.76 HK3 EXP F 

SO 41779 9121191 12:16:16.4 2.93 HN1 EXP F 

51 300147 10/2/91 13:45:28.2 2.49 HK3 EXP F 

52 300489 10/18/91 13:04:50.5 2.10 HK3 EXP F 

53 300783 10/25/91 13:58:56.4 2.75 HK3 EXP F 

54 300786 10/25/91 14:02:23.1 2.49 HK3 EXP F 

55 301140 11/1/91 13:15:45.2 2.65 HK3 EXP F 

57 301995 11/22/91 14:02:42.1 2.52 HK3 EXP F 

61 303238 12/21/91 13:18:28.6 2.37 HK3 EXP F 

62 312845 12/27/91 13:30:08.8 2.63 HK3 EXP F 

63 312882 12/29/91 14:04:49.4 2.54 HK3 EXP F 

64 313708 1/17/92 13:23:56.6 2.49 HK3 EXP F 

65 313709 1/17/92 13:26:25.2 2.66 HK3 EXP F 

66 312843 12/27/91 13:29:10.2 2.61 HK3 EXP F 

67 315362 1/31/92 12:29:55.9 2.47 HK3 EXP F 

68 315447 utm 12:21:00.9 2.14 HK3 EXP F 

69 319425 2/21/92 12:50:11.2 2.16 HK3 EXP F 

70 319426 2/21/92 12:51:02.8 2.46 HK3 EXP F 

71 320982 2/28/92 12:45:11.0 2.52 HK3 EXP F 

72 318098 2/28/92 12:48:20.2 2.22 HK3 EXP F 

73 320988 2/28/92 12:48:57.1 2.30 HK3 EXP F 

74 319359 2/19/92 12:25:03.0 2.09 HK3 EXP F 

76 321681 3/6/92 12:09:46.5 2.27 HK3 EXP F 

77 320320 3/11/92 12:47:03.8 2.13 HK3 EXP F 

79 321023 3/18/92 12:57:45.3 2.34 HK3 EXP F 

84 326510 4/8/92 11:38:22.0 2.50 HN1 EXP F 

85 324432 4/10/92 11:29:51.2 2.24 HK3 EXP F 
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Table 33: Events found in the Helsinki bulletin for area 11 

Event« IMSorid IMS origin time IMS ml HEL location HEL lab Group 

86 326482 4/20/92 11:17:11.1 2.13 HK3 EXP F 

87 325462 4/22/92 11:03:30.7 2.15 HK3 EXP F 

m 326393 4/29/92 11:33:563 2.34 HK3 EXP F 

89 326396 4/29/92 11:37:50.4 2.03 HK3 EXP F 

90 328716 5/22/92 11:28:343 2.20 HK3 EXP F 

91 328721 5/22/92 11:30:12.4 2.19 HK3 EXP F 

92 329123 5/27/92 11:24:10.8 2.52 HK3 EXP F 

93 329664 6/3/92 11:42:25.6 2.35 HK3 EXP F 

94 330611 6/10/92 11:46:32.9 2.71 HK3 EXP F 

95 331070 6/19/92 11:31:26.8 2.39 HK3 EXP F 

96 331074 6/19/92 11:35:40.4 2.66 HK3 EXP F 

97 331516 6/24/92 11:33:293 2.74 HK3 EXP F 

99 333069 7/3/92 11:32:54.2 2.52 HK3 EXP F 

101 332890 7/10/92 11:35:053 2.40 HK3 EXP F 

102 333624 7/17/92 11:32:03.4 2.11 HK3 EXP F 

103 335324 *nm 113439.6 2.12 HK3 EXP F 

104 335847 8/14/92 12:03:57.4 2.41 HK3 EXP F 

105 336568 8,21/92 11:05:06.6 2.27 HK3 EXP F 

107 336574 8/21/92 11:14:26.6 2.49 HK3 EXP F 

109 340517 9/23/92 11:37:02.4 2.62 HK3 EXP F 

110 340518 9/23/92 11:38:19.9 2.32 HK3 EXP F 

Events with the most reliable classification: 

Table 34: Sorted events for area 11 

Events # IMS orid IMS origin time IMSlat IMS Ion IMS ml Group 

11' 7120 12/28/90 12:37:29.2 69.2538 30.6467 237 A 

25* 20047 4/26/91 12:39:06.4 69.2606 30.7741 2.20 A 

60« 303237 12/21/91 13:18:06.7 69.3930 30.6859 2.05 A 

125' 347014 12/30/92 15:05:25.1 69.3397 30.6507 2.74 A 

59 



Table 34: Sorted events for area 11 

Events # IMSorid IMS origin time IMSlat IMS Ion IMS mi Group 

126' 347015 12/30/92 15:05:46.4 693380 30.5784 2.46 A 

14 9389 1/29/91 12:43:08.7 69.6587 30.1968 2.26 B 

32 26119 6/12/91 07:13:03.1 69.6107 30.4195 2.05 B 

40 34154 wm 14:25:23.8 69.6221 30.0318 2.26 B 

56 301510 11/18/91 08:29:32.5 69.6956 30.3512 2.04 B 

113 341249 10/13/92 11:13:283 693759 30.2395 2.27 B 

17* 12931 2/6/91 12:31:43.7 69.3638 30.6756 2.78 C 

18* 12932 2/6/91 12:31:59.0 69.3691 30.4851 2.84 C 

37 32930 7/31/91 12:44:07.2 69.3469 30.4185 2.20 C 

38 32929 7m/91 12:44:13.8 69.1590 30.6436 2.18 C 

lOO1 332889 7/10/92 11:34:29.1 69.3322 30.6006 2.16 C 

106' 336573 8/21/92 11:13:52.5 69.3479 30.4259 2.27 C 

108' 337866 9/4/92 11:28:17.8 69.2311 30.3954 2.69 C 

111' 340165 9/25/92 12:11:26.2 69.2701 303835 2.44 C 

3 4979 11/13/90 12:01:14.6 69.7388 30.1614 2.02 D 

7 300017 12/7/90 10:37:32.2 693239 30.1929 2.16 D 

19 13486 3/7/91 11:57:42.1 69.6809 303511 2.63 D 

28 21152 5/2/91 07:27:28.4 69.6532 30.3381 2.29 D 

43 34674 8/13/91 06:57:53.6 69.5829 30.4252 2.26 D 

75 321605 3/3/92 23:00:49.3 69.6701 30.2861 2.22 D 

78 322300 3/13/92 08:14:15.2 69.5656 30.2532 2.00 D 

83 325993 4/6/92 07:21:30.4 69.6856 30.0971 2.25 D 

1 3020 11/6/90 12:49:22.7 69.6288 30.6558 2.67 E 

41* 35098 8/9/91 12:52:23.4 69.4258 30.9388 236 E 

42* 35099 8/9/91 12:52:26.7 69.1910 30.9533 2.48 E 

2 3021 11/6/90 12:49:50.4 69.3806 30.6441 3.04 F 

4 5887 11/16/90 12:32:16.1 69.1863 30.5353 2.18 F 

5 5888 11/16/90 12:33:31.4 69.2823 30.6824 3.03 F 

6 9501 11/28/90 12:30:03.0 69.2776 30.6470 2.48 F 

8 313956 12/7/90 12:52:18.0 69.3863 30.8271 2.29 F 
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Table 34: Sorted events for area 11 

Events # IMS orid IMS origin time IMSlat IMS Ion IMS ml Group 

9 4357 12/19/90 12:36:18.0 69.4311 30.5819 2.25 F 

10 9601 12/21/90 12:12:13.7 69.2421 30.6326 2.61 F 

12 319822 1/11/91 12:26:05.5 69.2688 30.4799 2.64 F 

13 11206 1/18/91 12:45:54.8 69.4242 30.4699 2.40 F 

IS 10038 1/31/91 12:55:46.1 69.3634 30.9905 2.45 F 

16 10157 2/1/91 12:50:27.4 69.3242 30.4146 239 F 

20 15120 3/20/91 12:59:14.5 69.2116 30.3971 236 F 

21 15119 3/20/91 12:56:47.5 69.4586 30.5536 2.43 F 

22 16662 3/29/91 12:48:24.2 69.3136 30.7052 2.22 F 

23 16831 4/5/91 12:12:42.1 69.2123 30.5316 232 F 

24 17743 4/10/91 12:25:08.5 69.3492 30.7017 2.26 F 

26 20049 4/26/91 12:39:52.3 69.2289 30.7096 232 F 

27 20449 4/30/91 12:34:46.5 69.3087 30.8716 3.44 F 

29 24872 5/31/91 12:39:13.9 69.4000 30.7861 2.41 F 

30 25681 6/5/91 12:30:59.7 69.3319 30.9285 2.28 F 

31 25884 6/7/91 12:46:20.9 69.2714 30.8341 2.19 F 

33 29048 7/5/91 12:20:10.9 69.2206 30.8688 235 F 

34 29049 7/5/91 12:21:01.0 69.3351 30.8033 2.47 F 

35 30841 7/17/91 12:18:36.7 69.3393 30.6918 238 F 

36 31701 7/24/91 12:30:58.2 69.2847 30.7569 236 F 

39 32971 7/31/91 13:30:04.5 69.1961 30.4679 2.38 F 

44 35829 8/21/91 12:43:12.3 69.2217 30.8972 2.62 F 

45 37564 8/30/91 12:22:24.6 69.3456 30.6235 237 F 

46 37566 8/30/91 12:27:28.6 69.3353 30.7230 235 F 

47 38374 9/6/91 14:11:15.0 69.2957 30.7056 2.42 F 

48 39500 9/13/91 12:25:51.5 69.2719 30.6846 2.64 F 

49 40446 9/18/91 12:30:33.7 69.3241 30.6111 2.76 F 

50 41779 9/27/91 12:16:16.4 69.3483 30.9714 2.93 F 

51 300147 10/2/91 13:45:28.2 69.2584 30.5853 2.49 F 

52 300489 10/18/91 13:04:50.5 69.2593 30.6217 2.10 F 
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Table 34: Sorted events for area 11 

Events # IMS orid IMS origin time IMSlat IMS ion IMS ml Group 

53 300783 imsm 13:58:56.4 69.3353 30.7689 2.75 F 

55 301140 11/1/91 13:15:45.2 69.2130 30.6489 2.65 F 

57 301995 11/22/91 14:02:42.1 69.2310 30.6730 232 F 

58 302811 12/6/91 13:19:13.6 69.3755 303649 2.62 F 

59 302991 12/18/91 13:22:12.6 693160 30.5983 2.02 F 

61 303238 12/21/91 13:18:28.6 693877 30.6672 237 F 

62 312845 12/27/91 13:30:08.8 69.2465 30.6618 2.63 F 

63 312882 12/29/91 14:04:49.4 693549 30.7468 234 F 

64 313708 1/17/92 13:23:56.6 693674 30.8010 2.49 P 

65 313709 1/17/92 13:26:25.2 69.4448 30.7742 2.66 F 

66 312843 12/27/91 13:29:10.2 693256 30.7628 2.61 F 

67 315362 1/31/92 12:29:55.9 69.4339 30.6812 2.47 F 

68 315447 2/6/92 12:21:00.9 69.3441 30.5701 2.14 F 

69 319425 2/21/92 12:50:11.2 69.3412 30.6877 2.16 F 

70 319426 2/21/92 11-51:02.2 693803 30.6828 2.46 F 

71 320982 2/28/92 12:45:11.0 693646 30.6468 232 F 

72 318098 2/28/92 12:48:20.2 693313 30.7165 2.22 F 

73* 320988 2/28/92 12:48:57.1 69.2469 30.4055 230 F 

74 319359 2/19/92 12:25:03.0 69.2571 30.5751 2.09 F 

76 321681 3/6/92 12:09:46.5 69.3414 30.6213 2.27 F 

77 320320 3/11/92 12:47:03.8 69.3476 30.7636 2.13 F 

79 321023 3/18/92 12:57:45.3 69.2721 30.4741 2.34 F 

81 323186 3/27/92 12:31:45.8 69.2781 30.5386 2.10 F 

82 323332 4/1/92 11:02:33.4 693572 30.6140 2.13 F 

84 326510 4/8/92 11:38:22.0 69.3858 30.6585 2.50 F 

85 324432 4/10/92 11:29:51.2 69.3976 30.6444 2.24 F 

86 326482 4/20/92 11:17:11.1 69.3135 30.5686 2.13 F 

87 325462 4/22/92 11:03:30.7 69.3805 30.6203 2.15 F 

88 326393 4/29/92 11:33:563 69.3718 30.5097 2.34 F 

89 326396 4/29/92 11:37:50.4 69.2292 30.4617 2.03 F 
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Table 34: Sorted events for area 11 

Events # IMS orid IMS origin time IMSlat IMS Ion IMS ml Group 

90 328716 5/22/92 11:28:343 69.2737 30.6483 2.20 F 

91 328721 5/22/92 11:30:12.4 69.2377 30.5003 2.19 F 

92 329123 5/27/92 11:24:10.8 69.3734 30.6508 232 F 

93 329664 6/3/92 11:42:25.6 693607 30.7070 235 F 

94 330611 6/10/92 11:46:32.9 69.3236 30.5574 2.71 F 

95 331070 6/19/92 11:31:26.8 69.3708 30.6049 239 F 

96 331074 6/19/92 11:35:40.4 69.2871 30.5566 2.66 F 

97 331516 6/24/92 11:33:293 69.4143 30.6969 2.74 F 

98 331692 6/26/92 10:46:26.7 69.2831 30.7222 238 F 

99 333069 7/3/92 11:32:54.2 69.3723 30.7083 2.52 F 

101 332890 7/10/92 11:35:053 69.4209 30.6518 2.40 F 

102 333624 7/17/92 11:32:03.4 69.3219 30.5455 2.11 F 

103 335324 8/7/92 11:54:39.6 69.2980 30.5441 2.12 F 

104 335847 8/14/92 12:03:57.4 69.4463 30.5083 2.41 F 

105 336568 8/21/92 11:05:06.6 69.2852 30.1511 2.27 F 

107 336574 8/21/92 11:14:26.6 69.3349 30.3955 2.49 F 

109 340517 9/23/92 11:37:02.4 69.3829 30.7301 2.62 F 

110 340518 9/23/92 11:38:19.9 69.4067 30.8400 232 F 

112 340928 10/7/92 12:31:43.4 69.3250 30.6213 236 F 

114 341887 10/21/92 12:30:52.7 69.2498 30.6720 230 F 

115 342315 10/28/92 12:33:20.9 69.4319 30.5833 2.48 F 

116 342312 10/28/92 12:34:053 69.2574 30.6018 2.42 F 

117 342482 10/30/92 12:54:52.5 69.3858 30.7318 2.78 F 

118 343878 11/20/92 13:24:30.8 693275 30.5390 2.32 F 

119 343875 11/20/92 13:25:19.2 693294 30.6899 2.57 F 

120 344527 11/27/92 12:22:05.1 69.2480 30.4971 2.27 F 

121 344675 11/30/92 14:10:11.8 693945 30.6678 2.81 F 

122* 344969 12/4/92 12:36:22.9 69.4438 30.7048 2.50 F 

124 346355 12/25/92 12:29:413 69.4306 30.7936 2.69 F 
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e 
a. Mixed event 

Remarks: 

- Groups A, C and E consist of mixed events that were reliably rorted. A couple of 
mixed events can also be found in group F. 
- All events from group F except two were identified as coming ftom mine HK3 in 
the Helsinki bulletin. 

- All events from group B and all events except two from group D were identified 
as coming from mine HN1 in the Helsinki bulletin. 
- No less than 9 mines were located on SPOT photos; nevertheless, all events 
found in the Helsinki bulletin were located at mine HK3 whose closest SPOT mine 
location is SD8. 
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Mine and event locations: 

Barents Sea 

Figure 12:    Mine and IMS event locations for area 11. The Norwegian mine locations 
have not been plotted on this map. 
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AREA 12 
Latitude: 69 - 70oN 
Longitude: 31 - 320E 
Local magnitude range: > 1.0 
Reported mine locations: None 
Number of events in IMS2:254 
Number of events within the magnitude range: 109 
Number of processed events: 86 
Frequency range used to process the data: 2 -16 Hz 
Processed signal length: 5s. before P, 47s. after P 
Number of reference events: 4 

Table 35: Reference events for area 12 

Event # IMS orid IMS arid IMSwfid Threshold Group 

16 26841 812772 914997 0.77 A 

86 344808 1523100 2873931 0.80 B 

11 19799 754329 700181 0.79 c 
49 36690 913020 1144424 0.78 D 

Number of events found in the Helsinki bulletin: 9 

Table 36: Events found in the Helsinki bulletin for area 12 

Event # IMS orid IMS (Yigin time IMS ml HEL location HEL label Group 

66 

7 

21807 3/20/92 12:59:15.5 2.34 HK3 EXP - 

17748 4/10/91 12:28:15.0 2.03 HK3 EXP A 

16 26841 6/14/91 12:38:23.7 233 HK3 EXP A 

29 30843 7/17/91 12:21:113 2.35 HK3 EXP A 

44 35830 8/21/91 12:45:39.0 2.26 HK3 EXP A 

64 302452 11/29/91 14:13:193 2.77 HK3 EXP A 

5 16634 3/29/91 09:28:02.2 139 HK6 EXP B 

6 16633 3/29/91 09:27:15.2 1.22 HK6 EXP B 

15 23086 5/17/91 08:14:103 1.99 HK6 EXP B 
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Events with the most reliable classification: 

Table 37: Sorted events for area 12 

Event* IMS orid IMS origin time IMSlat IMS Ion IMS ml Group 

7 17748 4/10/91 12:28:15.0 69.3783 31.0824 2.03 A 

14* 22910 5/16/91 20:30:09.6 69.5106 31.0653 2.29 A 

16 26841 6/14/91 12:38:23.7 69.2905 31.0562 233 A 

29 30843 7/17/91 12:21:11.3 69.4233 31.1004 235 A 

44 35830 8/21/91 12:45:39.0 69.3163 31.0965 2.26 A 

64* 302452 11/29/91 14:13:19.3 69.4709 31.0478 2.77 A 

85 344677 11/30/92 14:10:39.3 69.4223 31.6375 2.90 A 

2 40000 11/30/90 10:10:13.1 69.3076 31.8669 1.09 B 

5 16634 3/29/91 09:28:02.2 69.4729 31.3768 139 B 

6 16633 3/29/91 09:27:15.2 69.7749 31.9132 1.22 B 

9 19793 4/25/91 06:15:56.8 69.2905 31.8555 130 B 

10 19796 4/25/91 06:21:39.0 69.2666 31.9961 1.57 B 

15 23086 5/17/91 08:14:10.3 69.2531 31.8445 1.99 B 

18 27150 6/21/91 14:27:12.9 69.6427 31.8648 131 B 

65 321356 3/19/92 08:42:30.5 69.5464 31.7412 1.07 B 

78 332666 7/8/92 11:57:59.5 69.6172 31.6889 1.41 B 

82 338285 9/9/92 12:36:05.8 69.7327 31.7446 1.08 B 

83 339216 9/18/92 12:06:54.2 69.5339 31.8312 131 B 

84 340969 10/8/92 07:49:19.0 69.5507 31.9519 1.74 B 

86 344808 12/3/92 08:33:20.4 69.4533 31.7553 1.61 B 

11 19799 4/25/91 06:26:01.5 69.2463 31.9024 1.64 C 

13 19491 4/26/91 14:20:38.7 69.2753 31.8816 1.96 C 

79 333477 7/16/92 07:11:50.0 693113 31.8723 1.23 C 

1 10049 11/29/90 12:40:43.8 69.1969 31.6000 1.04 D 

3 15339 3/27/91 13:39:08.5 69.1324 31.2484 1.09 D 

4 15979 3/28/91 13:52:43.2 69.0804 31.7221 1.13 D 

8 18720 4/15/91 14:01:54.9 69.1556 31.9245 1.37 D 

12 19850 4/25/91 11-56:47.5 69.5200 31.8727 1.15 D 
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Table 37: Sorted events for area 12 

Event« IMS orid IMS origin time IMSlat IMS Ion IMS ml Group 

17 26847 6/14/91 14:55:31.5 69.5617 31.6061 1.14 D 

19 28033 6/25/91 15:03:51.2 69.4503 31.5717 1.01 D 

20 27843 6/27/91 09:38:33.0 693997 31.6162 1.05 D 

21 28766 7/4/91 08:34:00.8 69.5468 31.4867 1.04 D 

22 29999 7/12/91 09:29:19.2 69.4911 31.5600 1.04 D 

23 30146 7/13/91 07:54:13.1 69.5824 313324 1.03 D 

24 30390 7/15/91 07:19:14.0 69.5185 313692 1.08 D 

25 3039?. 7/15/91 08:52:15.5 69:4853 313124 1.04 D 

26 30403 7/15/91 13:35:27.1 69.5781 31.5681 1.06 D 

27 30587 7/16/91 07:10:36.4 69.6370 313284 1.03 D 

28 29932 7/16/91 08:31:10.8 69.6737 31.6381 1.02 D 

30 30240 7/18/91 07:12:28.7 69.5382 31.5679 1.04 D 

31 30716 7/18/91 14:01:52.6 69.6050 31.6334 1.03 D 

32 30430 7/19/91 09:45:40 7 69.4884 31.5932 1.05 D 

33 31250 7/22/91 08:06:02.1 69.5136 31.4650 1.16 D 

34 30920 7/23/91 07:38:19.0 69.4959 313103 1.03 D 

35 31406 7/23/91 09:51:38.9 69.5009 31.4754 1.14 D 

36 31440 7/23/91 12:55:15.1 69.5038 31.4759 1.23 D 

37 31452 7/23/91 14:08:43.1 69.5284 31.5540 1.11 D 

38 32746 7/30/91 12:25:03.9 69.4798 31.5914 133 D 

39 34070 8/6/91 08:31:28.3 69.4275 31.4897 1.03 D 

40 35589 8/20/91 07:42:21.8 69.6318 31.6514 i.ll D 

41 35593 8/20/91 09:13:42.5 69.4961 31.5626 1.07 D 

42 35611 8/20/91 14:12:28.9 69.5337 31.6147 1.18 D 

43 35817 8/21/91 09:42:51.0 69.5173 31.6408 1.35 D 

45 35848 8/21/91 14:00:27.5 69.4224 31.7978 1.20 D 

46 36101 8/23/91 08:02:20.1 69.5393 31.8088 1.08 D 

47 36135 8/23/91 14:05:23.8 69.4236 31.9989 1.04 D 

48 35624 8/23/91 14:06:24.6 69.5343 31.5125 1.06 D 

49 36690 8/28/91 09:10:18.9 69.5126 31.5387 1.22 D 
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Table 37: Sorted events for area 12 

Event« IMSorid IMS origin time IMSlat IMS Ion IMS ml Group 

SO 36691 8/28/91 09:11:113 69.5159 31.7544 1.18 D 

51 37146 9/3/91 09:23:31.8 69.5084 31.5168 1.29 D 

52 37714 9/3/91 14:28:04.2 69.5568 31.4837 1.15 D 

53 37313 9/4/91 10:49:22.1 69.4856 31.4766 1A2 D 

54 37314 9/4/91 10.50:46.3 69.5499 31.4765 121 D 

55 38152 9/5/91 09:13:13.9 69.5816 31.6023 1.17 D 

56 39131 mom 09:17:26.0 69.5367 31.4896 1.17 D 

57 38360 9/10/91 14:07:45.2 69.5430 31.4693 1.16 D 

58 38363 9/10/91 14:26:39.3 69.4948 313478 1.45 D 

59 39470 9/11/91 09:03:30.3 69.4399 313353 1.08 D 

60 39627 9/11/91 14:25:17.7 69.4983 313817 1.21 D 

61 39835 9/12/91 14:29:58.9 69.5455 31.7970 1.08 D 

62 39834 9/12/91 14:31:32.9 69.5717 31.5422 1.21 D 

63 38846 9/13/91 08:17:39.7 69.4811 31.4874 1.00 D 

67 331224 6/15/92 09:50:20.9 69.5009 31.4623 138 D 

68 331313 6/15/92 12:52:30.7 69.4217 31.4533 137 D 

69 331315 6/15/92 13:13:12.2 69.4667 31.4646 1J8 D 

70 331316 6/15/92 14:01:30.5 69.4563 31.4718 1.18 D 

71 330870 6/17/92 02:58:36.3 69.0669 31.3860 1.20 D 

72 331174 6/20/92 15:12:14.7 69.4596 31.3729 1.13 D 

73 331296 6/22/92 12:59:49.4 69.4738 31.2756 1.14 D 

74 331297 6/22/92 13:25:45.6 69.4450 31.2720 1.24 D 

75 331298 6/22/92 13:45:27.1 69.5056 31.2869 1.07 D 

76 331511 6/24/92 11:45:27.8 69.4991 31.1410 1.09 D 

77 332980 6/24/92 12:02:15.7 69.4522 31.2559 1.09 D 

80 335165 8/5/92 12:17:24.1 69.4274 31.3832 1.01 D 

81 337167 8/27/92 13:22:56.5 69.4202 31.4508 1.01 D 

a. Mixed event 
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Remarks: 

- The locations of events from group D spread over an area of 50 x 50 km. The 
closest mines to the center of the event cluster (Figure 13) are SD9 (area 11) and 
SD10 (area 13) which are about 25 km away. None of these events have been 
reported in the Helsinki bulletin. 
- Events from groups A and B have well defined origins according to the identifi- 
cation found in the Helsinki bulletin. They come from mines HK3 (area 11) and 
HK6 (area 13), respectively. 
- The IMS locations for events from group B are unusually scattered for events that 
originate from the same mine. The distance between event 6 and event 15 is about 
58km. 

- Events from group B are located too close to the array with respect to the mine 
location HK6. 
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Mine and event locations: 
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Figure 13:    Mine and IMS event locations for area 12. 
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AREA 13 

Latitude: 69 - 70oN 
Longitude: 32 - 340E 
Local magnitude range: > 1.0 
Number of events in IMS2:256 
Number of events within the magnitude range: 105 
Number of processed events: 79 
Frequency range used to process the data: 2 ~ 16 Hz 
Processed signal length: 7s. before P, 59s. after P 
Number of reference events: 12 

Table 38: Reference events for area 13 

Event# IMS orid IMS arid IMSwfid Threshold Group 

22 28301 825093 941207 0.66 A 

12 22301 775236 760713 0.77 B 

45 302409 1008756 1468594 0.85 C 

56 323098 1226703 1847106 0.80 D 

40 40890 945982 1253278 0.77 E 

19 27879 823560 927060 0.86 F 

30 30887 852435 995216 0.83 G 

77 344816 1523114 2874156 0.82 H 

33 33277 872388 1072376 0.92 I 

35 34983 882951 1123589 0.79 J 

51 321732 1225484 1830480 0.83 K 

46 302359 1009955 1512594 0,93 L 

Reported mine locations: 

Table 39: Mine locations for area 13 

Label Latitude 0N Longitude ^ Origin 

SD23 69.012 33.641 SPOT 

SD24 69.013 32.939 SPOT 

SD22 69.034 33306 SPOT 

SD21 69.060 33.484 SPOT 
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Table 39: Mine locations for area 13 

Label Latitude 0N Longitude 0E Origin 

SD20 69.093 33.482 SPOT 

SD19 69.111 33.594 SPOT 

HD7 69.2 333 ofcLHELS 

SD15 69.223 33.168 SPOT 

HK12 69.23 33.17 HELS 

SD14 69.2S6 33.106 SPOT 

SD12 69.276 32.811 SPOT 

SD13 69.286 32.903 SPOT 

SDH 69.299 32.721 SPOT 

SD10 69.410 32.135 SPOT 

HD4 69.6 323 old.HELS 

HK6 69.6 323 HELS 

Number of events found in the Helsinki bulletin: 14 

Table 40: Events found in the Helsinki bulletin for area 13 

Event # IMSorid IMS origin time IMS ml HEL location HEL lab Group 

6 17987 4/12/91 13:58:27.1 2.11 HK6 EXP - 

7 17990 4/12/91 14:03:52.8 126 HK6 EXP - 

8 17989 4/12/91 14:05:00.4 133 HK6 EXP - 

10 17991 4/12/91 14:02:52.7 2.20 HK6 EXP - 

14 23082 5/17/91 07:55:44.4 1.86 HK6 EXP - 

?5 23087 5/17/91 08:16:533 2.02 HK6 EXP - 

25 28321 6/28/91 13:49:383 1.90 HK6 EXP A 

26 28322 6/28/91 13:49:53.7 2.23 HK6 EXP A 

4 15453 3/22/91 10:00:41.8 1.43 HD7 EXP C 

31 31060 7/19/91 14:05:21.8 2.21 HK6 EXP D 

47 303334 1/8/92 08:21:083 1.64 HK6 EXP H 

24 28310 6/28/91 13:46:45.1 1.92 HK6 EXP J 
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Table 40: Events found in the Helsinki bulletin for area 13 

Event # IMSorid IMS origin time IMS ml HEL location H FT, lab Group 

23 28306 6/28/91 13:44:37,8 107 HK6 EXP K 

16 23953 5/24/91 09:59:52.7 1.48 HD7 EXP L 

Events with the most reliable classification: 

Table 41: Sorted events for area 13 

Event« IMSorid IMS origin time IMSlat IMS Ion IMS ml Group 

21* 28297 6/28/91 13:42-32.5 69.5966 32.0560 1.74 A 

22* 28301 6/28/91 13:42:48.1 69.3755 32.2155 232 A 

25' 28321 6/28/91 13:49:38.3 69.5859 32.0043 1.90 A 

26* 28322 6/28/91 13:49:53.7 69.4441 32.2368 2.23 A 

12 22301 5/8/91 11:57:36.0 69.2026 32.1748 237 B 

72 337257 8/28/92 11:33:33.6 69.3794 33.9395 3.08 B 

3 14382 3/13/91 12:52:12.8 69.0931 33.0705 1.93 C 

4 15453 3/22/91 10:00:41.8 69.0508 32.8404 1.43 C 

17 25867 6/7/91 10:11:08.0 69.0873 32.9138 133 C 

44 301164 11/5/91 11:08:47.1 69.1648 32.9714 135 C 

45 302409 11/29/91 11:05:55.0 69.0370 32.8738 1.41 C 

48 315682 2/4/92 10:15:35.6 69.0222 32.9649 130 C 

5 16597 4/2/91 09:00:58.0 69.3293 33.3165 2.03 D 

31 31060 7/19/91 14:05:21.8 69.0745 32.1412 2.21 D 

39 35812 8/21/91 08:19:11.0 69.2732 33.3220 131 D 

53 323095 3/25/92 07:18:50.3 69.2839 33.0450 1.80 D 

54 323097 3/25/92 07:28:26.4 69.4098 33.2965 1.74 D 

56 323098 3/25/92 07:34:46.3 69.4017 33.5435 1.83 D 

9 18726 4/15/91 16:18:23.5 69.3123 33.9732 1.04 E 

40 40890 9/19/91 08:49:58.6 69.3542 33.9707 1.09 E 

70 337161 8/27/92 12:40:33.1 69.5050 33.6333 1.16 E 

78 344904 12/4/92 07:20:26.3 69.3709 33.7060 1.24 E 

11 18747 4/18/91 06:27:39.3 69.1493 32.4482 1.06 F 
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Table 41: Sorted events for area 13 

Event« IMSorid IMS origin time IMSIat IMS Ion IMS ml Group 

19 27879 6/27/91 18:09:24.7 69.1440 32.7091 1.18 F 

52 322852 3/23/92 14:23:28.8 69.0471 32.7548 1.06 F 

60 326532 4/8/92 15:03:15.3 69.0147 32.7758 1.12 F 

64 330879 6/17/92 08:13:16.9 69.1197 32.0339 1.02 F 

68 334926 7/15/92 12:17:45.7 69.0458 32.7477 1.01 F 

28 29457 7/9/91 10:38:27.6 69.0802 32.3643 1.14 G 

29 29366 7/10/91 11:05:56.5 69.0921 32.2713 1.22 O 

30 30887 7/19/91 09:26:11.0 69.0319 323860 1.48 G 

32 31445 7/23/91 13:10:01.3 69.0000 32.3120 139 G 

75 344441 11/24/92 11:18:27.0 69.3939 32.3731 1.42 G 

41 40894 9/19/91 09:49:56.8 69.:iU9 32.4987 1.76 H 

47 303334 1/8/92 08:21:08.3 69.5362 32.1073 1.64 H 

50 324195 3/19/92 08:45:40.0 69.6437 32.1852 1.15 H 

74 340968 10/8/92 07:15:23.9 69.5449 32.7072 1.79 H 

77 344816 12/3/92 10:18:56.0 69.4455 33.0590 1.17 H 

33 33277 8/2/91 08:48:09.3 69.3727 32.1765 1.45 

36 34984 mm 09:17:07.1 69.3743 32.1668 139 

18 27149 6/21/91 14:22:57.8 69.7218 32.0080 138 

20 28292 6/28/91 13:42:19.1 69.0698 32.2440 1.95 

24 28310 6/28/91 13:46:45.1 69.7319 32.0719 1.92 

34 33279 8/2/91 08:51:25.7 69.6326 32.2256 1.49 

35 34983 8/9/91 09:15:03.9 69.4275 32.0796 135 

65 331155 6/20/92 09:27:57.3 69.4458 32.0188 1.47 

66 331676 6/26/92 09:10:49.3 69.2643 32.0267 1.02 

67 333321 7/14/92 12:57:22.5 69.3960 33.4689 1.15 

69 333471 7/16/92 05:01:33.5 69.6097 32.7464 1.16 

23 28306 6/28/91 13:44:37.8 69.2486 32.1652 2.07 K 

37 34987 8/9/91 09:26:38.8 69.3767 32.1610 1.90 K 

51 321732 3/20/92 10:21:16.3 69.6550 32.0104 1.34 K 

16 23953 5/24/91 09:59:52.7 69.0239 32.4184 1.48 L 
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Table 41: Sorted events for area 13 

Event # IMSorid IMS origin time IMSlat IMS Ion IMS ml Group 

43 300746 1(V25/91 11:09:39.0 69.1910 33.1098 1.73 L 

46 302359 12/10/91 11:12:07.5 69.0044 32.2850 1.67 L 

49 37.7.7.51 3/10/92 10:07:48.0 69.2929 33.0759 1.61 L 

a. Mixed events 

Remarks: 
- Events from group C and group L arc very similar, according to the identification 
made in the Helsinki bulletin, they probably come from the same mine. 
- The other events that were identified as being from mine HK6 in the Helsinki 
bulletin do not show the same degree of similarity. 
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Mine and event locations: 
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Figure 14:    Mine and IMS event locations for area 13. 
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AREA 14 

Latitude: 68 - 70oN 
Longitude: 34 - 380E 
Local magnitude range: - 
Number of events in IMS2:79 
Number of events within the magnitude range: 79 
Number of processed events: 51 
Frequency range used to process the data: 3 -16 Hz 
Processed signal length: 9s. before P, 79s. after P 
Number of reference events: None 
Reported mine locations: 

Table 42: Mine locations for area 14 

Label Latitude 0N Longitude *£ Origin 

SD46 68.006 34.697 SPOT 

JOG61 68.01 34.71 JOG 

SD45 68.019 34349 SPOT 

JOG60 68.02 34.37 JOG 

JOOG 68.82 35.37 JOG 

SD18 68.932 34.938 SPOT 

SD17 69.064 35.008 SPOT 

SD16 69.070 35.008 SPOT 

HD12 69.2 34.7 old HRI.S 

HK10 69.2 34.7 HELS 

HD11 693 34.4 olcLHELS 

HK9 69.3 34.4 HELS 

79 



Number of events found in the Helsinki bulletin: 3 

Table 43: Events found in the Helsinki bulletin for area 14 

Event« IMSorid IMS origin time IMS ml HF.I, location HELlab Group 

I 2593 11/16/90 10:10:36.7 2.74 HK5 EXP - 

5 16321 3/23/91 14:14:13.1 2.85 HK9 EXP - 

16 18751 4/18/91 07:20:49.3 2.43 HD12 EXP - 

Remarks: 
- A third of these events consists of mixed events, another third has very low sig- 
nal-to-noise ratio and cannot be reliably classified into groups, and the remaining 
events are not similar. The event locations in Figure IS seem to confirm that these 
events have diverse origins. 
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Mine and event locations: 

Figure 15:    Mine and IMS event locations for area 14 
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AREA 15 

Latitude: 66 - 680N 
Longitude: 34 - 380E 
Local magnitude range: > 1.0 
Number of events in IMS2:343 
Number of events within the magnitude range: 51 
Number of processed events: 39 
Frequency range used to process the data: 2 -16 Hz 
Processed signal length: 9s. before P, 79s. after P 
Number of reference events: 2 

Table 44: Reference events for area 15 

Event# IMS orid IMS arid IMSwfid Threshold Group 

37 344686 1522701 2869743 0.76 A 

38 345204 1528053 2884926 0.79 B 

Reported mine locations: 

Table 45: Mine locations for area 15 

Label Latitude 0N Longitude 0E Origin 

HD10 67.6 34.2 old_HELS 

HK5 67.6 34.2 HELS 

HK2 67.64 34.02 HELS 

JOG56 67.88 34.55 JOG 

SD49 67.889 34.566 SHOT 

SD50 67.895 34.615 SPOT 

JOG57 67.90 34.63 JOG 

SD47 67.916 34.385 SPOT 

SD48 67.926 34.486 SPOT 

JOG55 67.93 34.48 JOG 
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Number of events found in the Helsinki bulletin: 30 

Table 46: Events found in the Helsinki bulletin foi area 15 

Event* IMS odd IMS origin time IMS ml HEL location HEL lab Group 

2 10159 12/1/90 11:52:54.8 237 HO10 EXP - 

3 10225 12/2/90 11:12:543 121 HD6 EXP - 

4 314429 12/21/90 13:51:16.0 2.15 HD10 EXP - 

11 19072 4/24/91 16:02:00.7 2.15 HD10 EXP - 

12 22721 5/14/91 11:45:36.1 2.00 HK5 EXP - 

15 28121 6/28/91 07:57:03.0 2.33 HK5 EXP - 

28 328714 5/22/92 11:5135.9 140 HK5 EXP - 

1 3359 11/23/90 12:42:04.1 178 HD10 EXP A 

8 10152 2/1/91 12:24:16.1 2.48 HD8 EXP A 

9 13449 3/7/91 09:47:083 2.50 HD10 EXP A 

13 23109 5/17/91 10:43:34.1 2.80 67.64 34.49 - A 

16 27800 6/30/91 06:33:013 2.27 HK1 EXP A 

17 35033 8/9/91 12:28:35.2 2.11 HK2 EXP A 

18 34551 8/15/91 08:35:40.1 132 HK2 EXP A 

21 301243 11/3/91 09:07:43.8 157 HK5 EXP A 

22 301456 11/9/91 06:05:12.9 137 HK5 EXP A 

23 302841 12/13/91 08:55:03.1 2.60 HK5 EXP A 

25 325704 4/3/92 06:27:203 159 HK2 EXP A 

27 327886 5/15/92 07:35:41.9 147 HK5 EXP A 

33 333115 7/12/92 03:24:45.1 2.26 HK2 EXP A 

34 334229 7/24/92 09:54:06.8 2.22 HK5 EXP A 

36 336589 8/21/92 13:56:00.7 101 67.86 34.43 - A 

5 7618 1/15/91 10:13:31.8 110 HD10 EXP B 

6 9125 1/26/91 18:30:32.8 236 HD10 EXP B 

10 14261 3/19/91 12:34:29.7 140 HD8 EXP B 

14 23171 5/17/91 13:13:41.0 2.28 HD8 EXP B 

19 36124 8/23/91 13:06:49.0 118 HK1 EXP B 

26 325102 4/17/92 10:04:35.0 2.41 HK5 EXP B 
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Table 46: Events found in the Helsinki bulletin for area 15 

Event# 

32 

35 

IMSorid 

332336 

334791 

IMS origin time 

7/3/92 

7/31/92 

12:14:20.4 

09:57:37.9 

IMS ml 

113 

2.24 

HEL location 

HK5 

HK2 

HEL lab 

EXP 

EXP 

Events with the most reliable classification: 

Table 47: Sorted events for area 15 

Group 

B 

B 

Event« IMS wid IMS origin time IMSlat IMS Ion IMS ml Group 

1 3359 11/23/90 12:42:04.1 67.6561 34.7603 2.78 A 

8 10152 2/1/91 12:24:16.1 67.3998 34.0420 2.48 A 

9 13449 3/7/91 09:47:08.5 67.5896 34.2262 230 A 

13 23109 5/17/91 10:43:34.1 67.6962 34.1831 2.80 A 

16 27800 6/30/91 06:33:01.5 67.7080 34.0495 2.27 A 

17 35033 mm 12:28:35.2 67.7827 34.2835 2.11 A 

18 34551 8/15/91 08:35:40.1 67.6170 34.1312 232 A 

21 301243 11/3/91 09:07:43.8 67.7948 34.1165 257 A 

22 301456 11/9/91 06:05:12.9 67.8972 34.2504 237 A 

23 302841 12/13/91 08:55:03.1 67.6982 34.0745 2.60 A 

24 322297 3/17/92 20:26:00.6 67.5671 34.0543 2.03 A 

25 325704 4/3/92 06:27:20.5 67.7798 34.2026 259 A 

27 327886 5/15/92 07:35:41.9 67.3649 34.7914 2.47 A 

33 333115 7/12/92 03:24:45.1 67.7218 34.2358 2.26 A 

34 334229 7/24/92 09:54:06.8 67.4261 34.0312 2.22 A 

36 336589 8/21/92 13:56:00.7 67.6978 34.3065 2.01 A 

37 344686 11/30/92 16:24:54.3 67.8820 34.1513 2.28 A 

39 346346 12/25/92 08:03:29.1 67.6193 34.3156 2.03 A 

5 7618 1/15/91 10:13:31.8 67.6810 34.1280 2.10 B 

6 9125 1/26/91 18:30:32.8 67.6067 34.0077 2.56 B 

10 14261 3/19/91 12:34:29.7 67.5051 34.0241 2.40 B 

14 23171 5/17/91 13:13:41.0 67.6927 34.0644 2.28 B 

19 36124 8/23/91 13:06:49.0 67.5571 34.0863 2.18 B 

I 
I 
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Table 47: Sorted events for area 15 

Event # IMSorid IMS origin time IMSlat IMS ion IMS ml Group 

26 325102 4/17/92 10:04:35.0 67.5454 34.2509 2.41 B 

32 332336 7/3/92 12:14:20.4 673481 34.2323 2.13 B 

35 334791 7/31/92 09:57:37.9 67.8633 34.0808 2.24 B 

38 345204 12/11/92 11:51:00.7 67.6726 34.0221 2.15 B 

Remarks: 
- The comparison between the classification of the events into groups and the iden- 
tification made in the Helsinki bulletin shows some discrepancy. As an example, it 
is difficult to see more difference between events 18 and 22 , which are supposed 
to be from two different mines, than between events 18 and 25, which are sup- 
posed to be from the same mine. However, the data analyzed in this study were 
recorded at a much larger distance than the data used by the Finnish analysts to 
identify the events. 
- The same remark can be made concerning the classification of the events into two 
groups. The differences between these two groups are not obvious. 
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Mine and event locations: 

F;gure 16:    Mine and IMS event locations for area 15. 
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AREA 16 

Latitude: 67 - 680N 
Longitude: 33 - 340E 
Local magnitude range: > 2.0 
Number of events in IMS2:1621 
Number of events within the magnitude range: 50 
Number of processed events: 44 
Frequency range used to process the data: 1 -16 Hz 
Processed signal length: 10s. before P, 86s. after F 
Number of reference events: 3 

Tabk; 48: Reference events for area 16 

Event« IMS orid IMS arid IMSwfid Threshold Group 

13 11204 591092 1370650 0.83 A 

15 8886 596635 1372459 0.80 B 

7 6043 575609 1367095 0.79 C 

Reported mine locations: 

Table 49: Mine locations for area 16 

Label Latitude 0N Longitude 0E Origin 

HD9 67.6 34.0 old HRI.S 

SD44 67.607 33.486 SPOT 

HK1A 67.63 33.84 HELS 

HK2A 67.64 33.88 HELS 

JOG54 67.67 33.63 HOG 

HK1 67.67 33.74 HELS 

HD8 67.7 33.7 old HELS 

SD40 67.893 33.029 SPOT 
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Number of events found in the Helsinki bulletin: 36 

Table 50: Events found in the Helsinki bulletin for area 16 

Event« IMS odd IMS origin time IMS ml HFJ-location HELlab Group 

10 319825 1/11/91 12:32:32.8 2.17 HK5 EXP - 

11 319826 1A1/91 12:32:59.0 2.40 HK5 EXP - 

16 9360 1/29/91 10:02:18.7 140 HD8 EXP - 

17 10143 2/1/91 11:43:14.2 129 HKS EXP - 

20 13994 3/12/91 10:36:53.8 109 HD9 EXP - 

33 33457 8/2/91 13:31:20.1 2.29 HK1 EXP - 

36 35032 8/9/91 12:29:13.8 2.09 HK2 EXP - 

39 38108 9/5/91 05:09:28.3 2.60 HK2 EXP - 

41 40459 9/18/91 15:52:35.7 2.22 HK2 EXP - 

2 6791 12/29/90 11:01:55.6 128 67.63 34.6 - A 

13 11204 1/18/91 12:29:48.1 155 HD9 EXP A 

35 34104 8/6/91 12:31:49.7 2.48 HK5 EXP A 

1 7020 12/28/90 10:19:06.2 143 HD9 EXP B 

3 6511 12/30/90 05:02:17.1 165 HD8 EXP B 

4 5459 12/31/90 07:19:49.0 153 HD8 EXP B 

5 6012 1/5/91 10:23:30.2 116 HD9 EXP B 

15 8886 1/25/91 11:03:22.3 154 HK5 EXP B 

18 10256 2/3/91 04:57:08.1 183 HD8 EXP B 

19 13654 3/8/91 04:42:523 2.30 HD9 EXP B 

21 15559 3/22/91 12:47:51.5 147 HD9 EXP B 

24 18002 4/13/91 17:59:26.2 126 HD8 EXP B 

37 36102 8/23/91 08:24:15.5 156 HK5 EXP B 

38 37655 9/1/91 06:17:17.1 138 HK2 EXP B 

40 39557 9/11/91 12:34:59.1 2.21 HK2 EXP B 

42 40605 9/20/91 07:41:013 2.31 HK5 EXP B 

43 41665 9/25/91 18:09:16.2 2.26 HK1 EXP B 

6 6020 1/5/91 12:42:35.0 2.35 HD9 EXP C 

7 6043 1/5/91 21:29:32.0 2.23 HD8 liXP C 
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Table 50: Events found in the Helsinki bulletin for area 16 

Event# IMS «id IMS origin time IMS ml H£L location HRT.lab Group 

8 6045 1/5/91 21:34:47.6 2.31 HD8 EXP C 

9 11721 1/11/91 09:33:56.5 2.66 HK5 EXP C 

12 11283 1/13/91 04:32:34.3 2.55 HD8 EXP C 

14 320333 1/19/91 09:18:51.0 128 HD9 EXP C 

23 15465 3/22/91 11:17:06.7 264 HD9 EXP C 

29 27666 6/18/91 10:06:52.9 206 HK2 EXP C 

30 30081 7/7/91 05:33:38.1 220 HK1 EXP C 

31 32973 7/30/91 15:59:463 254 HK1 EXP C 

32 33416 8/2/91 09:59:03.6 241 HK5 EXP C 

44 41753 9/27/91 08:35:567 227 HK5 EXP C 

Events with the most reliable classification: 

Table 51: Sorted events for area 16 

Event # IMS orid IMS origin time IMSlat IMS Ion IMS ml Group 

2 6791 12/29/90 11:01:55.6 67.4071 33.5922 2.28 A 

13 11204 1/18/91 1229:48.1 67.5248 33.4136 235 A 

35 34104 8/6/91 1231:49.7 67.5367 333134 248 A 

1 7020 12/28/90 10:19:06.2 67.6974 33.8855 2.43 B 

3 6511 12/30/90 05:0217.1 67.6269 33.6993 2.65 B 

4 5459 12/31/90 07:19:49.0 67.6350 33.9390 233 B 

5 6012 1/5/91 10:23:30.2 67.6378 33.9802 2.16 B 

15 8886 1/25/91 11:03:223 67.4794 33.9207 234 B 

18 10256 2/3/91 04:57:08.1 67.7365 33.7700 2.83 B 

19 13654 3/8/91 04:42523 67.6731 33.8227 2.30 B 

21 15559 3/22/91 1247:51.5 67.5938 33.6511 2.47 B 

24 18002 4/13/91 17:59:26.2 67.6494 33.8861 2.26 B 

28 27462 6/16/91 05:39:52.0 67.6820 33.7293 233 B 

37 36102 8/23/91 08:24:15.5 67.5989 33.7468 236 B 

38 37655 9/1/91 06:17:17.1 67.5575 33.4753 2.38 B 
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Table 51: Sorted events for area 16 

Event# IMSorid IMS origin time IMSlat IMS Ion IMS mi Group 

40 39557 9/11/91 12:34:59.1 67.4037 33.0372 221 B 

42 40605 9/20/91 07:41:01.5 67.6871 33.8866 231 B 

43 41665 9/25/91 18:09:16.2 67.5490 33.6078 226 B 

6 6020 1/5/91 12-42:35.0 67.5673 333544 235 C 

7 6043 1/5/91 21:29:32.0 67.''078 33.9329 223 C 

8 6045 1/5/91 21:34:47.6 67.5538 33.5130 231 C 

9 11721 1/11/91 09:33:56.5 67.5848 33.5061 2.66 C 

12 11283 1/13/91 04:32:34.3 67.6259 33.8946 2.55 C 

14 320333 1/19/91 09:18:51.0 67.6810 33.8771 2.28 C 

23 15465 3/22/91 11:17:06.7 67.5467 33.4373 2.64 C 

29 27666 6/18/91 10:06:52.9 67.5330 33.6068 2.06 C 

30 30081 7/7/91 05:33:38.1 67.7184 33.4697 2.20 C 

31 32973 7/30/91 15:59:46.3 67.6244 33.4745 2.54 C 

32 33416 8/2/91 09:59:03.6 67.6483 33.9469 2.41 C 

44 41753 9/27/91 08:35:56.7 67.5515 33.9060 2.27 C 

Remarks: 
- The event identification found in the Helsinki bulletin does not match the event 
association: within a group, events can be identified as coming from either HD9 or 
HK1. However, these two mines are only 13.5 km apart and differences in the sig- 
nal seen at closer distances may not be seen at ARCESS. 
- Events from groups B and C show some similarities. 
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Mine and event locations: 
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Figure 17:    Mine and IMS event location for area 16. 
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AREA 17 

Latitude: 67 - 680N 
Longitude: 32 - 330E 
Local magnitude range: > 1.5 
Number of events in /A/52; 241 
Number of events within the magnitude range: 93 
Number of processed events: 78 
Frequency range used to process the data: 2.5-16 Hz 
Processed signal length: 10s. before P, 86s. after P 
Number of reference events: 8 

Table 52: Reference events for area 17 

Event # IMS orid IMS arid IMSwfid Threshold Group 

52 320658 1215187 1807449 0.76 A 

48 319424 1206199 1768359 0.80 B 

11 18753 741183 613027 0.83 C 

15 21835 773567 741447 0.76 D 

68 337114 1412999 2611710 0.80 E 

56 326612 1237743 2005290 0.79 F 

30 35869 897029 1139336 0.80 G 

54 325214 1234397 1964454 0.79 H 

Reported mine locations: for area 17 

Table 53: Mine locations for area 17 

Label Latitude 0N Longitude 0E Origin 

JOG68 6735 3153 JOG 

JOG70 67.45 32.66 JOG 

SD43 67.645 32.912 SPOT 

SD42 67.759 32.824 SPOT 

SD41 67.803 32.781 SPOT 
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Number of events found in the Helsinki bulletin: 32 

Table 54: Events found in the Helsinki bulletin for area 17 

Event« IMS odd IMS origin tune IMS ml HRI, location HELlab Group 

3 3311 11/23/90 11:58:10.2 1.89 HD9 EXP - 

6 316769 1/10/91 12:22:24.1 236 HD6 EXP - 

13 19269 4/19/91 12:28:24.5 2.09 HD9 EXP - 

20 25756 6/6/91 15:29:57.7 1.73 HK5 EXP - 

22 26046 6/10/91 07:06:26.9 1.76 HK5 EXP • 

31 37754 9/6/91 12:53:34.4 1.90 HK2 EXP - 

57 326825 5/1/92 02:14:15.3 1.95 HK1 EXP - 

69 337223 8/28/92 06:34:45.4 1.80 HK1 EXP - 

5 3010 11/6/90 12:15:57.0 2.16 HD6 EXP A 

10 17944 4/13/91 11:30:58.4 1.98 HD6 EXP A 

35 41623 9/25/91 11:15:59.8 2.23 HK1 EXP A 

43 303200 12/20/91 12:07:123 2.29 HK4 EXP A 

44 303210 12/20/91 14:15:10.1 1.91 HK4 EXP A 

52 320658 3/14/92 12:01:53.2 1.84 HK4 EXP A 

65 332954 7/11/92 10:01:34.3 1.93 HK4 EXP A 

51 320312 3/11/92 11:57:46.1 1.73 HK2 EXP B 

7 16624 3/29/91 08:47:44.9 1.84 HD6 EXP C 

14 21837 5/7/91 14:18:30.8 2.05 HD9 EXP D 

15 21835 5/7/91 14:18:37.3 2.24 HD9 EXP D 

24 28106 7/2/91 10:01:37.2 2.11 HK2 EXP D 

36 41762 9/27/91 10:20:56.6 2.40 HK1 EXP D 

60 330835 6/16A>2 14:05:42.6 2.21 HK5 EXP D 

61 330864 6/W/92 23:39:01.9 2.12 HK2 EXP D 

26 31418 7/23/91 10:32:27.5 1.86 HK2 EXP F 

56 326612 4/30/92 10:49:16.1 2.18 HK2 EXP F 

59 330150 6/10/92 14:33:15.4 1.73 HK5 EXP F 

1 3010 11/6/90 12:15:57.0 2.16 HD6 EXP G 

29 34541 8/8/91 11:15:12.2 1.84 HK4 EXP G 
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Table 54: Events found in the Helsinki bulletin for area 17 

Event # IMSorid IMS origin time IMS ml HEL location HRI.lab Group 

30 35869 8/22/91 1?-29:17.3 1.97 HK4 EXP O 

33 40914 9/19/91 1238:39.2 1.88 HK4 EXP O 

38 300831 10/26/91 1236:34.8 1.93 HK4 EXP O 

63 331684 6/26/92 10:20:18.4 1.8S HK4 EXP G 

Events with the most rel. le classification: 

Table 55': Sorted events for area 17 

Event# IMS orid IMS origin time IMSIat IMS Ion IMS ml Group 

5 4107 12/15/90 10:55:34.5 67.8624 32.0124 1.69 A 

10 17944 4/13/91 113038.4 67.8688 32.3473 1.98 A 

35 41623 9/25/91 11:15:59.8 67.9718 32.6507 2.23 A 

43 303200 12/20/91 12:07:12.3 67.9065 32.5784 2.29 A 

44 303210 12/20/91 14:15:10.1 67.9008 32.2276 1.91 A 

45 303230 12/21/91 11:06:38.5 67.9942 32.6983 1.84 A 

47 320706 2/27/92 11:26:093 67.8007 32.0201 1.81 A 

52 320658 3/14/92 12:01:53.2 67.9815 32.2047 1.84 A 

65 332954 7/11/92 10:01:34.3 67.9990 32.6187 1.93 A 

18 24795 5/31/91 09:49:47.9 67.2680 32.1333 133 B 

40 301668 11/15/91 08:29:57.3 67.6114 32.3046 132 B 

48 319424 3/4/92 07:32:29.8 67.5696 32.8186 1.65 B 

51 320312 3/11/92 11:57:46.1 67.5802 32.4675 1.73 B 

58 326989 5/5/92 10:01:09.6 67.7263 32.9926 1.63 B 

7 16624 3/29/91 08:47:44.9 67.7209 32.9178 1.84 C 

11 18751 4/18/91 07:53:18.9 67.8925 32.9445 1.71 C 

50 322248 3/10/92 09:55:01.3 67.9097 32.5665 1.92 C 

75 342798 11/3/92 15:34:15.2 67.9368 32.4854 1.76 C 

14 21837 5/7/91 14:18:30.8 67.9474 32.1264 2.05 D 

15 21835 snm 14:18:37.3 67.7375 32.0791 2.24 D 

16 21836 snm 14:18:49.4 67.8979 32.1840 2.09 D 
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Table 55: Sorted events for area 17 
  

Event # IMS odd IMS origin time IMSlat IMS Ion IMS ml Group 

21 26151 6/9/91 05:16:36.7 67.7746 32.3086 1.87 D 

24 28106 7/2/91 10:01:37.2 67.4083 32.9921 2.11 D 

36 41762 9/27/91 10:20:56.6 67.5351 32.9845 2.40 D 

55 325397 4/21/92 14:21:28.8 67.9404 32.0587 1.64 D 

60 330835 6/16/92 14:05:42.6 67.7342 32.3620 2.21 D 

61 330864 6/16/92 23:39:01.9 67.5134 32.9791 2.12 D 

72 341470 10/16/92 10:03:08.7 67.3597 32.8058 2.27 D 

17 23027 r   5/17/91 04:42:11.1 67.2549 32.9809 1.90 E 

66 334942 7/15/92 16:01:03.0 67.3753 32.9442 1.72 B 

68 337114 8/27/92 03:28:18.6 673599 32.9363 2.00 E 

73 342310 10/28/92 12:42:42.4 67.9584 32.1210 2.29 E 

26 31418 7/23/91 10:32:27.5 67.7920 32.8920 1.86 F 

56 376612 4/30/92 1049:16.1 67.9215 32.1664 2.18 F 

59 330150 t>/10/92 14:33:15.4 67.9024 32.1384 1.73 F 

71 341323 10/14/92 12:03:34.1 67.9116 32.2883 2.07 F 

77 344535 11/27/92 13:20:10.1 67.6247 32.2969 2.13 F 

1 3010 11/6/90 12:15:57.0 67.9856 32.6874 2.16 G 

25 28940 7/4/91 10:56:06.8 67.8769 32.7720 1.74 G 

27 33191 8/1/91 11:33:043 67.9317 32.3036 1.54 G 

28 33190 8/1/91 11:33:16.6 67.9988 32.6035 1.67 G 

29 34541 8/8/91 11:15:12.2 67.9797 32.8556 1.84 G 

30 35869 8/22/91 12:29:17.3 67.9199 32.2669 1.97 G 

33 40914 9/19/91 12:38:39.2 67.9772 32.9300 1.88 G 

38 300831 10/26/91 12:36:34.8 67.8467 32.3237 1.93 G 

41 301918 11/21/91 10:43:30.4 67.9864 32.8096 1.91 G 

63 331684 6/26/92 10:20:18.4 67.8983 32.5692 1.85 G 

74 342462 10/30/92 11:10:58.2 67.9684 32.9856 1.56 G 

76 344520 11/27/92 11:48:07.7 67.9608 32.7741 2.13 G 

78 346745 12/30/92 11:30:58.9 67.9414 32.4985 2.55 G 

2 3019 11/21/90 03:24:43.8 67.3130 32.7322 1.90 H 
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Table 55: Sorte J events for area 17 

Event # IMS orid IMS origin time IMSlat IMS Ion IMS ml Group 

8 17469 4/9/91 19:23:23.3 67.3133 32.8876 1.59 H 

19 24962 6/2/91 05:43:55.0 67.3791 32.8839 1.50 H 

34 41087 9/2291 05:36:343 67.3635 32.7194 139 H 
37 41835 9/29/91 08:09:19.1 67.4009 32.8783 1.64 H 

42 302043 11/26/91 01:18 52.8 67.2439 32.9204 137 H 

46 313080 1/25/92 02:07:04.6 67.3471 32.9527 1.64 H 

49 321773 3/7/92 18:42:55.7 67.1719 32.7975 1.73 H 

53 325804 4/3/92 19:31:20.1 67.5003 32.9578 136 H 

54 325214 4/18/92 19:06:37.8 67.7645 32.5631 131 H 

62 331551 6/24/92 20:42:15.8 67.6843 32.4549 1.68 H 

64 332714 7/8/92 18:26:19.0 67.1228 32.7396 1.70 H 

Remarks: 

- No mine has been reported in the Helsinki bulletin for this area despite the loca- 
tion of three mine on SPOT photos. 
- The five events reported in the Helsinki bulletin were identified as coming from 
mines HD9 and HK1 located in area 16. Four of them could be Sorted into groups 
B or C of area 16. The remaining event, 35, is more questionable. 
- The events are systematically located too close to the ARCESS array with respect 
to the mine locations as already observed for other areas in the Kola Peninsula. 
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Figure 18:     Mine and IMS event locations for area 17. 

100 



AREA 18 

Latitude: 66 - 670N 
Longitude: 32 - 340E 
Local magnitude range: - 
Reported mine locations: None 
Number of events in IMS2:27 
Number of events within the magnitude range: 27 
Number of processed events: 18 
Frequency range used to process the data: 3 -16 Hz 
Processed signal length: 10s. before P, 90s. after P 
Number of reference events: 1 

Table 56: Reference events for area 18 

Event* IMS orid IMS arid IMS wfid Threshold Group 

4 14581 712076 504530 0.84 A 

Number of events found in the Helsinki bulletin: 2 

Table 57: Events found in the Helsinki bulletin for area 18 

Event* IMS orid IMS origin time IMS ml HEL location HEL lab Group 

2 10066 11/29/90 13:32:56.9 1.60 HD9 EXP - 

9 32649 7/30/91 02:19:18.9 2.03 66.71 33.05 P.E. - 

Events with the most reliable classification: 

Table 58: Sorted events for area 18 

Event # IMS orid IMS origin time IMS lat IMS Ion IMS ml Group 

3 6324 1/8/91 12:07:24.9 66.4845 33.2041 1.45 A 

4 14581 3/21/91 12:52:32.8 66.4421 33.7975 1.25 A 

5 15973 3/28/91 12:50:01.4 66.5656 33.9739 1.20 A 

6 18206 4/15/91 12:38:47.8 66.5317 33.7563 1.23 A 

15 338270 9/9/92 11:18:55.5 66.3282 33.2949 1.30 A 

17 342475 10/30/92 12:20:43.2 66.3950 33.6074 1.29 A 
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Remarks: 
- Only a few events show similarities. As shown on Figure 19, their locations 
cover an area of 40 x 40 km. The other events have scattered locations. 

Mine and event locations: 

Figure 19:    Mine and IMS event locations for area 18. 

102 



AREA 19 

Latitude: 66 - 68 0N 
Longitude: 30 - 32 0E 
Local magnitude range: > 2.0 
Number of events in /A/52; 309 
Number of events within the magnitude range: 73 
Number of processed events: 66 
Frequency range used to process the data: 2 -16 Hz 
Processed signal length: 6s. before P, 56s. after P 
Number of reference events: 4 

Table 59: Reference events for area 19 

Event # IMS orid IMS arid IMSwfid Threshold Group 

9 15006 707690 493689 0.75 A 

32 301141 1004086 1434919 0.76 B 

8 14388 704547 484294 0.78 C 

26 33671 874139 1074977 0.80 D 

Reported mine locations: 

Table 60: Mine locations for area 19 

I-abel Latitude 0N Longitude 0E Origin 

JOG69 67.55 30.33 JOG 

HK8 67.56 30.44 HELS 

HDl 67.6 30.5 old.HELS 

HD3 67.7 31.4 old.HELS 

HK7 67.7 31.4 HELS 
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Number of events found in the Helsinki bulletin: 51 

Table 61: Events found in the Helsinki bulletin for aiea 19 

Event« IMSorid IMS origin time IMS ml HEL location HEL lab Group 

3 10051 11/29/90 12:51:55.7 2.01 67.45 3251 - - 

10 15007 3A6/91 12:00:39.6 2.19 HD1 EXP - 

11 16295 3/23/91 11:46:343 2.08 HD1 EXP - 

6 5216 12/22/90 13:07:52.0 2.19 HD1 EXP A 

40 302446 12/8/91 12:42:15.5 2.42 HK8 EXP A 

42 302736 12/14/91 13:36:34.7 2.18 HK8 EXP A 

51 323617 3/28/92 11:08:32.6 2.19 HK8 EXP A 

1 3114 11/6/90 09:43:50.8 2.28 HD1 EXP B 

12 16762 3/30/91 12:13:34.0 2.04 HD1 EXP B 

18 22804 5/15/91 12:33:17.8 2.05 HD1 EXP B 

20 24291 5/25/91 10:56:12.6 2.03 HD1 EXP B 

32 301141 11/2/91 12:38:12.7 235 HK8 EXP B 

39 302445 12/8/91 12:41:47.4 239 HK8 EXP B 

41 302735 12/14/91 13:36:12.9 2.00 HK8 EXP B 

8 14388 3/13/91 13:30:26.8 2.10 HK7 EXP C 

35 301418 11/7/91 10:55:19.7 2.16 HK7 EXP C 

59 340241 9/27/92 05:22:44.1 232 67.62 33.82 - C 

2 2296 11/17/90 11:32:57.7 2.12 HD1 EXP D 

4 8144 12/15/90 12:36:56.3 2.07 HD1 EXP D 

5 314447 12/22/90 13:06:47.7 2.18 HD1 EXP D 

7 9113 1/26/91 11:40:07.8 2.12 HD1 EXP D 

15 20220 4/28/91 11:12:31.9 2.18 67.64 30.67 P.QB. D 

17 21211 5/8/91 12:10:44.7 2.22 HD1 EXP D 

19 26852 5/18/91 13:29:58.4 2.19 HD1 EXP D 

21 24946 6/1/91 12:30:43.1 2.19 HK8 EXP D 

22 25979 6/8/91 11:13:25.5 2.24 HK8 EXP D 

24 28201 6,29/91 12:49:48.3 2.15 HK8 EXP D 

26 33671 8/3/91 11:18:01.6 2.13 HK8 EXP D 
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Table 61: Events found in the Helsinki bulletin for area 19 

Event« IMS orid IMS origin time IMS ml HEL location HEL lab Group 

27 35253 8/10/91 09:35:11.9 2.15 HK8 EXP D 

29 38330 9/7/91 14:03:13.2 2.28 HK8 EXP D 

30 40735 9/21/91 11:58:44.1 2M HK8 EXP D 

31 300828 10/26/91 1118:39.4 241 HK8 EXP D 

34 301388 11/6/91 12:36:26.8 2.06 HK8 EXP D 

36 301718 11/16/91 12:21:55.5 2.22 HK8 EXP D 

37 302123 11/23/91 12:38:193 234 HK8 EXP D 

38 302512 11/30/91 12:02:13.0 232 HK8 EXP D 

43 303233 12/21/91 12:57:35.2 2.16 HK8 EXP D 

44 312949 1/25/92 11:17:30.7 2.28 HK8 EXP D 

45 315461 2/1/92 11:46:08.8 2.46 HK8 EXP D 

46 317853 2/8/92 11:44:41.4 2.22 HK8 EXP D 

47 321768 3/7/92 11:44:325 111 HK8 EXP D 

48 322200 3/14/92 12:27:36.9 2.29 HK8 EXP D 

49 321679 3/21/92 11:03:15.4 2.13 HK8 EXP D 

50 323616 3/28/92 11:07:34.7 118 HK8 EXP D 

52 325198 4/18/92 11:10:41.9 2.29 HK8 EXP D 

53 328095 5/16/92 1056:58.8 235 HK8 EXP D 

54 331758 6/27/92 09:44:24.8 2.19 HK8 EXP D 

55 333203 7/4/92 10:28:11.6 ?„?,< HK8 EXP D 

56 334068 7/22/92 11:36:27.1 2.07 HK8 EXP D 

57 335915 8/15/92 10:31:18.1 111 HK8 EXP D 

58 340207 9/26/92 09:59:52.0 2.08 HK8 EXP D 
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Events with the most reliable classification: 

Table 62: Sorted events for area 19 

Event« IMSorid IMS origin time IMSlat IMS Ion IMS ml Group 

6" 5216 12/22/90 13:07:52.0 j    67.6405 30.8792 2.19 A 

9* 15006 3/16/91 12:00:16.0 67.3904 31.3467 2.12 A 

13« 16763 3/30/91 12:14:00.4 67.4258 30.7352 2.17 A 

16' 20221 4/28/91 11:12:53.8 67.5873 30.7168 2.27 A 

25' 29262 7/6/91 11:28:39.6 67.6913 30.6059 2.23 A 

28* 36379 8/24/91 10:44:54.2 67.3461 31.2306 2.14 A 

40* 302446 12/8/91 12:42:15.5 67.3945 30.7778 2.42 A 

42* 302736 12/14/91 13:36:34.7 67.3901 30.9708 2.18 A 

51* 323617 3/28/92 11:08:32.6 67.6150 30.6927 2.19 A 

65' 346746 12/30/92 11:53:38.0 67.1349 31.7911 2.02 A 

1' 3114 11/6/90 09:43:50.8 67.5354 30.1250 2.28 B 

12' 16762 3/30/91 12:13:34.0 67.2688 30.9723 2.04 B 

18' 22804 5/15/91 12:33:17.8 67.6261 30.2151 2.05 B 

20' 24291 5/25/91 10:56:12.6 67.6001 30.3451 2.03 B 

32' 301141 11/2/91 12:38:12.7 67.6294 30.7797 235 B 

33' 301139 11/2/91 12:38:24.3 67.6662 30.3250 2.07 B 

39' 302445 12/8/91 12:41:47.4 67.5105 31.3541 239 B 

41' 302735 12/14/91 13:36:12.9 67.4881 30.6020 2.00 B 

8 14388 3/13^1 13:30:26.8 67.5673 31.1427 2.10 C 

35 301418 11/7/91 10:55:19.7 67.6300 30.9163 2.16 C 

59 340241 9/27/92 05:22:44.1 67.8293 31.8541 232 C 

2 2296 11/17/90 11:32:57.7 67.6589 30.4890 2.12 D 

4 8144 12/15/90 12:36:56.3 67.5692 30.3822 2.07 D 

5 314447 12/22/90 13:06:47.7 67.6126 30.6297 2.18 D 

7 9113 1/26/91 11:40:07.8 67.6049 30.3330 2.12 D 

14 17930 4/13/91 08:47:22.1 67.6307 30.7078 2.22 D 

15 20220 4/28/91 11:12:31.9 67.6268 30.4870 2.18 D 

17 21211 5/8/91 12:10:44.7 67.4339 30.4951 2.22 D 
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Table 62: Sorted events for area 19 

Event # IMSorid IMS origin time IMSlat IMS Ion IMS ml Group 

19 26852 5/18/91 13:29:58.4 67.6289 303424 2.1P D 

21 24946 mm 12:30:43.1 67.5957 30.3680 2.19 D 

22 25979 6/8/91 11:13:25.5 67.6858 30.6084 2.24 D 

23 26914 6/22/91 12:08:21.8 67.8022 30.2418 2.14 D 

24 28201 6/29/91 11-49:483 67.5265 30.2658 2.15 D 

26 33671 mm 11:18:01.6 67.6181 30.6171 2.13 D 

27 35253 8/10/91 09:35:11.9 67.5748 30.3086 2.15 D 

29 38330 9/7/91 14:03:13.2 67.5826 30.2219 2.28 D 

30 40735 9/21/91 11:58:44.1 67.5725 30.3247 2.40 D 

31 300828 10/26/91 12:18:39.4 67.5567 30.6610 2.41 D 

34 301388 11/6/91 12:36:26.8 67.5170 30.6954 2.06 D 

36 301718 11/16/91 12:21:55.5 67.6085 30.1428 2.22 D 

37 302123 11/23/91 11-38:19.3 67.6013 30.3261 234 D 

38 302512 11/30/91 12:02:13.0 67.6014 30.3716 232 D 

43 303233 12/21/91 12:57:35.2 67.6500 30.9358 2.16 D 

44 312949 1/25/92 11:1730,7 67.5049 31.0197 2.28 D 

45 315461 2/1/92 11:46:08.8 67.5922 30.2999 2.46 D 

46 317853 2/8/92 11:44:41.4 67.6481 30.5943 2.22 D 

47 321768 3/7/92 11:4432.5 67.4958 30.5012 2.11 D 

48 322200 3/14/92 12:2736.9 67.5485 30.6805 2.29 D 

49 321679 3/21/92 11:03:15.4 67.4826 30.9966 2.13 D 

50 323616 3/28/92 11:07:34.7 67.6640 30.4040 2.18 D 

52 325198 4/18/92 11:10:41.9 67.4510 30.7393 2.29 D 

53 328095 5/16/92 10.56:58.8 67.4874 30.9323 235 D 

54 331758 6/27/92 09:44:24.8 67.5063 30.8505 2.19 D 

55 333203 7/4/92 10:28:11.6 67.5842 30.6047 2.23 D 

56 334068 7/22/92 1136:27.1 67.4343 30.7058 2.07 D 

57 335915 8/15/92 1031:18.1 67.6573 30.6733 2.11 D 

58 340207 9/26/92 09:59:52.0 67.5543 30.7849 2.08 D 

60 340694 10/3/92 11:25:35.2 67.5388 30.5184 2.20 D 
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Table 62: Sorted events for area 19 

Event# IMSorid IMS origin time IMSlat IMS Ion IMS ml Group 

61 341710 10/11/92 12:13:37.1 67.6038 30.7467 2.30 D 

62 344396 11/21/92 12:20:18.4 67.6088 30.7390 2.16 D 

63 344579 11/28/92 12:44:00.1 67.6990 30.2048 2.7.2 D 

64 345395 12/12/92 11:37:19.2 67.5255 31.1794 2.17 D 

66 346753 12/30/92 11:54:06.5 67.5170 30.4885 2.04 D 

a. Mixed events 

Remarks: 
- Only two events vere reported in the Helsinki bulletin as coming from mine HK7 
and they are the only events within group C. 
- The events from groups A, B and D are identified in the Helsinki bulletin as orig- 
inating from mine HK8 (HD1) only. This is probably true since events from group 
A, B and D show similarities. 
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Figure 20:    Mine and IMS event locations for area 19. 
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AREA 20 

Latitude: 66 - 680N 
Longitude: 26 - 30oE 
Local magnitude range: 0.5 
Reported mine locations: None 
Number of events in IMS2:117 
Number of events within the magnitude range: 103 
Number of processed events: 91 
Frequency range used to process the data: 3 -16 Hz 
Processed signal length: 5s. before P, 45s. after P 
Number of reference events: 7 

Table 63: Reference events for area 20 

Event # IMS orid IMS arid IMS wfid Threshold Group 

39 30083 842292 979553 0.46 A 

76 337343 1413725 2619369 0.84 B 

16 12936 621303 1376188 0.79 C 

33 21201 775173 760518 0.92 D 

84 341310 1469414 2762382 0.78 E 

78 337790 1423068 2641101 0.88 F 

18 12657 698108 460499 0.76 G 

Number of events found in the Helsinki bulletin: 30 

Table 64: Events found in the Helsinki bulletin for area 20 

Event # IMS orid IMS origin time IMS ml IMS location HELlab Group 

23 15108 3/20/91 11:58:11.6 1.31 HA25 EXP 

26 15573 3/22/91 17:52:19.9 1.22 66.01 28.91 P.E. 

35 23422 5/20/91 17:00:50.2 1.50 HA25 EXP 

46 35981 8/22/91 17:03:29.1 1.48 HM22 EXP 

50 40875 9/21/91 20:59:433 1.28 66.04 28.78 - 

1 3115 11/6/90 09:44:05.6 2.50 HD1 EXP A 

2 5265 11/14/90 13:08:34.2 2.05 HD1 EXP A 

7 8107 11/24/90 11:54:18.4 2.01 HD1 EXP A 
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Table 64: Events found in the Helsinki bulletin for area 20 

Event # IMSorid IMS origin time IMS ml IMS location HELlab Group 

30 16837 4/5/91 12:52:45.4 1.76 HD1 EXP A 

34 ??806 5/15/91 12:33:333 zn HD1 EXP A 

37 28300 6/26/91 12:12:53.7 1.33 HK8 EXP A 

66 329362 5/30/92 11:11:09.2 2.47 HK8 EXP A 

68 330216 6/11/92 11:00:44.9 1.65 HK8 EXP A 

69 331597 6/25/92 11:31:36.7 1.42 HK8 EXP A 

9 313994 12/8/90 13:19:443 1.44 HD1 EXP B 

38 29263 7/6/91 11:28:24.7 1.88 HK8 EXP B 

54 303099 12/28/91 12:43:453 1.53 HK8 EXP B 

56 317915 2/22/92 11:46:12.7 1.87 HK8 EXP B 

61 324899 4/11/92 10:48:00.2 1.80 HK8 EXP B 

72 333695 7/18/92 09:39:22.8 1.78 HK8 EXP B 

76 337343 8/29/92 09:58:30.8 115 67.63 30.62 - B 

81 339273 9/19/92 10:13:11.8 1.65 HK8 EXP B 

16 12936 2/6/91 13:06:463 2.20 HD1 EXP C 

62 325188 4/18/92 08:14:19.6 1.27 HK8 EXP C 

15 12935 2/6/91 13:06:18.6 2.01 HD1 EXP E 

49 37659 9/1/91 10:14:57.0 1.30 67.93 26.01 - F 

75 337141 8/27/92 10:14:533 1.44 67.93 25.87 - F 

77 337483 8/31/92 13:04:513 1.33 67.93 25.97 - F 

78 337790 9/3/92 12:59:53.2 1.27 67.94 25.94 - F 

79 338084 9/7/92 10:59:50.8 1.44 67.95 26.06 - F 

10 9950 12/21/90 20:14:02.4 1.15 HD1 EXP G 

Events with the most reliable classification: 

Table 65: Sorted events for area 20 

Event* IMS orid IMS origin time IMSlat IMS Ion IMS ml Group 

1 3115 11/6/90 09:44:05.6 67.5694 29.8671 2.50 A 

2 5265 11/14/90 13:08:34.2 67.5470 29.7919 2.05 A 
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Table 65: Sorted events for area 20 

Event # IMSorid IMS origin time IMSIat IMS ion IMS ml Group 

5 2455 11/22/90 12:32:11.7 67.6J40 29.8259 0.94 A 

7 8107 11/24/90 1154:184 67.5674 29.7596 2.01 A 

11 7019 12/28/90 10:14:45.5 673594 29.8966 0.89 A 

14 10030 mm 12:40:14.0 67.484A 29.8443 0.95 A 

19 13492 3/7/91 12:06:30.7 67.6171 29.9658 1.23 A 

30 16837 4/5/91 12:52:45.4 67.6830 29.6453 1.76 A 

34 22806 5/15/91 12:33:333 67.5872 29.8286 2.17 A 

36 23993 5/24/91 12:19:36.6 67.6782 293765 0.79 A 

37 28300 6/26/91 12:12:53.7 67.6591 29.9771 133 A 

39 30083 7/12/91 12:36:54.7 67.6569 29.9246 1.01 A 

47 36184 8/23/91 19:39:54.9 67.7504 29.9168 0.96 A 

66 329362 5/30/92 11:11:09.2 67.6550 29.9576 2.47 A 

68 330216 6/11/92 11:00:44.9 67.7777 29.9944 1.65 A 

69 331597 6/25/92 11:31:36.7 67.6728 29.6933 1.42 A 

85 342311 10/28/92 12:45:28.3 67.7459 29.3438 1.48 A 

8 313989 12/8/90 12:15:37.6 67.6261 29.7815 2.07 B 

9 313994 12/8/90 13:19:44.5 67.9540 29.5236 1.44 B 

32 19452 4/20/91 10:45:30.4 67.6358 29.9029 1.95 B 

38 29263 7/6/91 11:28:24.7 67.6704 29.9737 1.88 B 

54 303099 12/28/91 12:43:45.5 67.9682 29.4580 133 B 

56 317915 2/22/92 11:46:12.7 67.4849 29.5292 1.87 B 

61 324899 4/11/92 10:48:00.2 67.5804 29.8307 1.80 B 

63 325199 4/18/92 11:10:04.8 67.7791 29.8907 1.23 B 

72 333695 7/18/92 09:39:22.8 67.6332 29.6728 1.78 B 

76 337343 8/29/92 09:58:30.8 67.6251 29.9220 2.15 B 

81 339273 9/19/92 10:13:11.8 67.7582 29.8930 1.65 B 

87 342520 10/31/92 11:26:43.0 67.5879 29.8548 2.38 B 

16 12936 2/6/91 13:06:46.5 66.9877 28.2508 2.20 C 

62 325188 4/18/92 08:14:19.6 67.8806 29.8645 1.27 C 

88 344395 11/21/92 12:21:14.9 67.6246 29.6927 1.98 C 
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Table 65: Sorted events for area 20 

Event* IMSorid IMS origin time IMSlal IMS Ion IMS ml Group 

33 21201 5/8/91 11:12:47.7 67.7340 29.7692 0.90 D 

44 35608 8/20/91 12:34:54.2 67.6215 29.9763 1.15 D 

12 5865 1/4/91 00:39:06.2 67.8790 27.1918 0.61 E 

15 12935 2/6/91 13:06:18.6 67.5781 29.9892 2.01 E 

40 31385 7/21/91 15:04:15.4 67.9286 26.6405 0.69 E 

60 324958 4/7/92 19:09:49.1 67.7449 27.4104 0.99 E 

64 327071 5/6/92 05:29:53.6 67.9094 26.8559 0.58 E 

84 341310 10/14/92 07:59:42.5 67.7171 273552 0.92 E 

86 342349 10/28/92 15:43:18.5 67.7674 27.1086 1.03 E 

90 344426 11/24/92 00:12:33.8 67.6312 27.4725 1.05 E 

49 37659 9/1/91 10:14:57.0 67.8076 26.0527 130 F 

75 337141 8/27/92 10:14:53.3 67.5075 26.3537 1.44 F 

77 337483 8/31/92 13:04:51.5 67.4948 26.0983 133 F 

78 337790 9/3/92 12:59:53.2 67.4992 26.1018 1.27 F 

79 338084 9/7/92 10:59:50.8 67.3058 26.0671 1.44 F 

80 338614 9/12/92 06:44:53.5 67.5379 26.0076 1.12 F 

6 3368 11/23/90 19:47:24.6 67.6271 29.6660 1.12 O 

10 9950 12/21/90 20:14:02.4 67.7103 29.7318 1.15 G 

17 13177 3/6/91 10:48:29.7 67.4264 26.7903 0.85 G 

18 12657 3/7/91 10:51:47.8 67.5347 26.7772 1.03 G 

20 13145 3/11/91 15:11:21.2 67.5321 26.6901 0.90 G 

21 15260 3/18/91 13:12:25.4 67.4613 26.7266 0.95 G 

22 14272 3/19/91 13:08:15.4 67.5279 2^.6556 0.91 G 

24 14357 3/20/91 12:38:33.0 67.4291 26.7202 0.95 G 

25 14575 3/21/91 12:41:39.3 67.4542 26.5915 0.56 G 

27 14989 3/25/91 12:35:23.7 67.5329 26.7193 0.88 G 

28 55992 4/2/91 11:21:34.9 67.4770 26.5755 0.84 G 

29 16156 4/4/91 09:46:41.3 67.4926 26.5504 0.59 G 

31 16579 4/8/91 11:55:34.1 67.5082 26.4814 0.60 G 

41 31145 7/24/91 10:25:17.6 67.6625 29.8420 1.18 G 
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Table 65: Sorted events for area 20 

Event # IMSorid IMS origin time IMSlat IMS Ion IMS ml Group 

45 35870 8/22/91 12:33:51.2 67.5714 29.6396 0.93 O 

70 331744 6/27/92 02:37:39.5 67.1145 29.4521 130 O 

Remarks: 
- Based on the classification and on the IMS locations, these events seem to come 
from four main regions (Figure 21): groups A, B, C and D from the North-East; 
group E from the North-West; groups F and G from the West; the unsorted events 
that are characterized by small and/or mixed events are located in the South. 
- The classification is consistent with the identification found in the Helsinki bulle- 
tin. This shows that the events from groups A, B, C and D have biased locations 
which are to close to the ARCESS array. 
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Mine and event locations: 
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Figure 21:    Mine and IMS event locations for area 20. 
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AREA U 

Latitude: 66 - 680N 
Longitude: 22 - 260E 
Local magnitude range: > 1.0 
Number of events in IMS2:814 
Number of events within the magnitude range: 123 
Number of processed events: 115 
Frequency range used to process the data: 3 -16 Hz 
Processed signal length: 8s. before P, 68s. after P 
Number of reference events: 11 

Table 66: Reference events for area 21 

Event # IMS odd IMS arid IMSwfid Threshold Group 

65 312913 1031014 1606780 0.78 A 

104 340334 1448695 2723175 0.79 B 

92 336850 1403166 2603469 0.79 C 

46 35046 890751 1114679 0.85 D 

25 18729 738242 588439 0.81 E 

19 15255 709378 516029 0.82 F 

89 334661 1370512 2420233 0.80 G 

61 303001 1012005 1531641 0.80 H 

94 337224 1413336 2615259 0.81 I 

)7 337460 J414133 2624283 0.81 J 

68 312559 1034389 1650932 - K 

Reported mine locations: 

Table 67: Mine locations for area 21 

Label Latitude 0N Longitude 0E Origin 

HM28 67.79 24.43 HELS 

N108 67.78999 24.43000 NORW 
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Number of events found in the Helsinki bulletin: 58 

Table 68: Events found in the Helsinki bulletin for area 21 

Event # IMS odd IMS origin time IMS ml HEL location HEL lab Group 

37 26123 6/12/91 10:56:26.3 138 HM22 EXP 

42 30127 7/13/91 01:42:20.7 2.19 68.01 23.46 EART 

45 35046 8/15/91 17:00:39.6 1.25 HM22 EXP 

55 300946 10/30/91 17:10:31.6 139 HR1 EXP 

71 321671 3/12/92 16:03:41.9 1.11 HM22 EXP 

27 18644 4/17/91 17:47:29.0 2.11 67.02 24.56 EART 

29 20294 4/30/91 00:17:41.6 1.10 67.82 22.64 P.E. - 

66 313137 1/10/92 07:46:35.5 2.44 67.22 2337 EART - 

70 319341 2/29/92 20:30:48.4 1.80 67.83 22.43 P.E. - 

101 338033 916191 12:29:54.0 1.08 67.95 25.79 - - 

31 21862 5/7/91 15:27:26.4 1.13 HA25 EXP A 

56 300972 10/31/91 12:04:50.3 1.45 HM22 EXP A 

57 301199 11/5/91 16:15:55.6 1.18 HM22 EXP A 

58 301445 11/7/91 18:05:16.3 1.25 HM22 EXP A 

65 312913 12/31/91 16:00:58.7 1.13 HM22 EXP A 

67 313163 1/13/92 18:09:22.6 1.27 HM22 EXP A 

79 328743 5/22/92 15:22:14.1 137 HM22 EXP A 

86 332902 7/10/92 13:45:31.4 1.19 HM22 EXP A 

87 334098 7/22/92 18:16:51.4 1.10 HM22 EXP A 

102 338571 9/11/92 18:55:21.0 1.01 HM22 EXP A 

1J 14292 3/12/91 18:00:51.2 1.42 HA25 EXP B 

20 15472 3/22/91 11:54:39.0 1.63 HA25 EXP B 

22 15045 3/25/91 18:02:26.0 1.14 HA25 EXP B 

24 16161 4/4/91 10:56:27.6 1.24 HA25 EXP B 

26 18922 4/18/91 11:03:14.8 1.29 HA25 EXP B 

28 19322 4/25/91 17:37:19.0 1.27 HA25 EXP B 

32 22317 5/8/91 18:50:37.3 1.49 HA25 EXP B 

36 25871 6/7/91 10:58:29.4 1.51 HM22 EXP B 
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Table 68: Events found in the Helsinki bulletin for area 21 

Event# IMS odd IMS origin time IMS ml HEL location HEL lab Group 

43 33097 8/5/91 17:07:09.5 1.52 HM22 EXP B 

44 35153 mm 16:58:41.9 132 HM22 EXP B 

49 39335 9/10/91 17:12:16.4 1.08 HM22 EXP B 

63 303149 12/19/91 18:00:53.5 1.15 HM27. EXP B 

81 329790 6/4/92 15:00:32.7 1.19 HM22 EXP B 

91 336484 8/20/92 15:01:01.1 1.11 HM22 EXP B 

104 340334 9/28/92 18:01:55.1 1.64 HM22 EXP B 

39 27095 6/24/91 18:54:52.2 1.88 HM22 EXP C 

53 40901 9/19/91 11:01:14.9 1.15 HM22 EXP C 

64 303479 1/8/92 18:34:55.2 139 HM22 EXP C 

84 331622 6/25/92 15:29:37.6 1.96 HR3 EXP C 

85 332010 6/30/92 11:01:27.7 139 HM22 EXP C 

92 336850 8/24/92 17:02:20.3 1.11 HM22 EXP C 

23 15748 3/27/91 16:37:02.7 1.20 HE1 EXP E 

25 18729 4/15/91 19:10:59.8 1.74 HE1 EXP E 

38 27183 6/19/91 15:29:48.1 1.15 67.01 20.52 - E 

54 41661 9/25/91 15:44:24.0 1.65 HR1 EXP E 

59 301360 11/11/91 16:46:04.5 135 HR1 EXP E 

6 26448 11/28/90 15:01:40.6 1.70 HE1 EXP G 

7 9535 11/28/90 15:01:47.2 1.64 HE1 EXP G 

13 9420 1/29/91 22:3001.8 1.74 HE1 EXP G 

14 13837 3/11/91 18:13:25.8 1.85 HE1 EXP G 

15 13838 3/12/91 07:23:20.4 1.82 66.85 22.76 P.E. G 

98 337805 9/3/92 15:29:13.0 1.17 HR3 EXP G 

99 337815 9/3/92 16:16:42.8 1.04 HR3 EXP G 

93 337970 8/26/92 12:44:59.8 1.28 67.94 25.96 - 

95 337263 8/28/92 12:00:01.0 1.08 67.92 25.75 - 

96 337410 8/30/92 12:59:52.9 1.18 67.93 25.69 - 

97 337460 8/31/92 09:30:00.4 1.43 67.93 25.82 - 

100 337987 9/5/92 10:20:01.2 1.53 67.92 25.59 - 
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Events with the most reliable classification: 

Table 69: Sorted events for area 21 

Event« IMSorid IMS origin time IMSlat IMS Ion IMS ml Group 

31 21862 5/7/91 15:27:26.4 66.0375 25.0829 1.13 A 

34 24553 5ß0/91 09:00:16.9 66.5716 24.5703 1.05 A 

50 39509 9/13/91 14:55:04.0 66.0925 25.9938 1.06 A 

56 300972 10/31/91 12:04:50.3 66.0159 25.6200 1.45 A 

57 301199 11/5/91 16:15:55.6 66.1202 25.4525 1.18 A 

58 301445 11/7/91 18:05:163 66.0083 25.5527 1.25 A 

65 312913 12/31/91 16:00:58.7 66.0713 25.7580 1.13 A 

67 313163 1/13/92 18:09:22.6 66.0026 25.4606 1,27 A 

71 321671 3/12/92 16:03:41.9 66.1811 24.9700 1.11 A 

72 321671 3/12/92 16:03:41.9 66.1811 24.9700 1.11 A 

73 322227 3/17/92 15:27:13.3 66.0033 24.1831 1.15 A 

79 328743 5/22/92 15:22.14.1 66.0197 24.6722 137 A 

86 332902 7/10/92 13:45:31.4 66.4446 24.9708 1.19 A 

87 334098 7/22/92 18:16:51.4 66.0196 24.8275 1.10 A 

90 335595 8/11/92 15:02:43.0 66.0094 24.7375 1.18 A 

102 338571 9/11/92 18:55:21.0 66.0562 25.2360 1.01 A 

110 344450 11/24/92 12:48:52.3 66.0366 25.0288 1.02 A 

114 347172 1/5/93 11:57:53.1 66.1243 24.8754 130 A 

16 14292 3/12/91 18:00:51.2 66.3539 25.6981 1.42 B 

20 15472 3/22/91 11:54:39.0 66.0066 24.8602 1.63 B 

22 15045 3/25/91 18:02:26.0 66.1223 25.2309 1.14 B 

24 16161 4/4/91 10:56:27.6 66.1953 25.4421 1.24 B 

26 18922 4/18/91 11:03:14.8 66.0460 25.7576 1.29 B 

28 19322 4/25/91 17:37:19.0 66.2258 24.6419 1.27 B 

32 22317 5/8/91 18:50:37.3 66.2048 24.7148 1.49 B 

36 25871 6/7/91 10:58:29.4 66.0685 25.0161 131 B 

43 33097 8/5/91 17:07:09.5 66.1411 25.0899 1.52 B 

44 35153 8/9/91 16:58:41.9 66.0184 25.2827 132 B 
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Table 69: Sorted events for area 21 

Event # IMSorid IMS origin time IMSlat IMS Ion IMS ml Group 

49 39335 9/10/91 17:12:16.4 66.3678 25.3782 1.08 B 

63 303149 12/19/91 18:00:53.5 66.2039 25.8812 1.15 B 

81 329790 6/4/92 15:00:32.7 66.1832 25.6837 1.19 B 

91 336484 8/20/92 15:01:01.1 66.0278 25.1700 1.11 B 

104 340334 9/28/92 18:01:55.1 66.1737 24.8420 1.64 B 

106 341059 10/5/92 16:09:54.3 66.0829 25.2427 131 B 

1 3211 11/20/90 13:49:333 67.0553 22.0287 1.04 C 

8 10244 12/3/90 14:02:10,2 66.7723 25.8498 1.20 C 

30 20299 4/30/91 06:45:40.1 66.0925 23.0123 1.10 C 

39 27095 6/24/91 18:54:52.2 66.0894 25.7898 1.88 C 

53 40901 9/19/91 11:01:14.9 66.0452 24.9380 1.15 C 

64 303479 1/8/92 18:34:55.2 66.5126 25.2752 139 C 

84 331622 6/25/92 15:29:37.6 67.1179 22.6668 1.96 C 

85 332010 6/30/92 11:01:27.7 663011 24.9916 139 C 

92 336850 8/24/92 17:02:20.3 66.6516 24.6557 1.11 C 

109 342491 10/30/92 15:56:59.5 66.8492 25.3489 1.12 C 

111 344462 11/24/92 18:02:45.2 66.1122 25.1377 134 C 

45 35046 8/15/91 17:00:39.6 66.1553 24.2870 1.25 D 

46 35046 8/15/91 17:00:39.6 66.1553 24.2870 1.25 D 

115 347452 1/8/93 18:16:42.8 66.5492 24.9060 133 D 

23 15748 3/27/91 16:37:02.7 66.9959 22.4044 1.20 E 

25 18729 4/15/91 19:10:59.8 67.1566 22.1346 1.74 E 

33 22785 5/10/91 14:15:18.7 67.1328 22.3370 135 E 

38 27183 6/19/91 15:29:48.1 67.0216 22.2439 1.15 E 

54 41661 9/25/91 15:44:24.0 67.1491 22.0271 1.65 E 

59 301360 11/11/91 16:46:M.5 67.1778 22.3509 135 E 

69 321012 2/28/92 16:30:36.2 67.4949 22.5213 1.10 E 

19 15255 3/18/91 12:04:09.1 66.5992 25.5331 1.18 F 

21 15566 3/22/91 15:56:42.6 66.6434 24.3630 1.35 F 

113 345122 12/7/92 16:04:54.0 66.2941 24.8471 1.51 F 
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Table 69: Sorted events for area 21 

Event# IMS orid IMS origin time IMSlat IMS Ion IMS ml Group 

5 8545 11/27/90 15:05:21.3 67.1990 22.3972 1.03 G 

6 26448 11/28/90 15:01:40.6 67.1330 22.2295 1.70 G 

7 9535 11/28/90 15:01:47,2 67.1518 22.1461 1.64 G 

13 9420 1/29/91 22:30:01.8 67.1518 22.4506 1.74 G 

14 13837 3/11/91 18:13:25.8 67.1180 22.2211 1.85 G 

15 13838 3/12/91 07:23:20.4 66.8603 22.8354 1.82 G 

51 40183 9/17/91 15:29:42.4 66.9951 22.1662 1.15 G 

78 326157 4/26/92 21:58:50.5 67.5767 22.0625 1.01 G 

82 330000 6/8/92 22:12:43 J 675434 22.0519 1.01 G 

89 334661 7/29/92 2100:50.0 67.1408 22.0786 1.08 G 

98 337805 9/3/92 15:29:13.0 67.3471 22.1336 1.17 G 

99 337815 9/3/92 16:16:42.8 67.4863 22.0839 1.04 G 

105 340711 10/3/92 22:43:48.8 675472 22.1639 1.03 G 

108 341232 10/13/92 03:05:12.5 67.1461 22.3708 132 G 

9 4977 12/26/90 21-54:32.3 675423 22.0070 1.11 H 

10 6292 1/7/91 2149:46,1 67.2815 22.4039 1.17 H 

52 40464 9/18/91 21:21:46.9 67.0713 22.2806 1.06 H 

60 302918 12/16/91 23:0150.3 67.4503 22.0743 1.02 H 

61 303001 12/18/91 2159:32.4 67.3749 22.1065 1.14 H 

75 322059 3/23/92 23:01:54.8 67.1080 22.1634 1.00 H 

77 325980 4/25/92 10:49:34.2 66.9116 23.0270 1.02 H 

80 328883 5/25/92 01:49:55.1 67.2515 22.0064 1.02 H 

3 3279 11/22/90 2127:31.4 67.7344 22.2882 1.08 

35 25103 6/2/91 2114:44.1 67.2076 22.1526 1.07 

83 331462 6/23/92 21:58:44.6 67.4592 22.0466 1.13 

94 2:7224 8/28/92 07:04:52.1 67.5046 22.0215 1.00 

107 340946 10/7/92 15:46:29.9 67.2098 22.0586 2.28 

47 37702 9/3/91 11:59:59.3 67.8290 25.8428 1.09 

48 37300 9/4/91 09:00:00.9 67.9443 25.8188 1.27 

68 312559 1/21/92 08:08:33.8 67.9210 24.3297 1.16 
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Table 69: Sorted events for area 21 

Event* IMS orid IMS origin time IMSlat IMS Ion IMS ml Group 

93 337970 8/26/92 12:44:59.8 67.9396 25.8852 1.28 

95 337263 8/28/92 12:00:01.0 67.9941 25.7881 1.08 

96 337410 8/30/92 12:59:52.9 67.4921 25.7124 118 

97 337460 8/31/92 09:30:00.4 67.9984 ?J.7949 1.43 

100 337987 9/5/92 10:20:01.2 67.9856 25.6863 1.53 

68        I    312559 1/21/92 08:08:33.8 67.9210 24.3297 1.16 K 

Remarks: 
- A large number of events found in the Helsinki bulletin are located outside of this 
area. Most of them come from either area 23 (mines HEI, HR1, HR3) or from area 
28 (mines HA25, HM22). This confirms the location bias already observed in the 
IMS locations for other areas. 
- Three clusters can be seen in Figure 22: in the south, events from groups A, B, C 
and F seems to come from mine HM22 (HA2); in the Weii «vents from groups E 
and G are identified in the Helsinki bulletin as coming eitfecr from mine HR1 or 
mine HR3; in the North-West, events from groups H and I have locations north of 
group G; events from group J are located in the North-East The Helsinki bulletin 
did not assign any of the events from group J to a particular mine. 
- One event from group G is identified as being an earthquake in the Helsinki bul- 
letin while the other events are either originating from mines HR1 or HR3. The 
difference between the earthquake and the mining events is not obvious as is as the 
difference between events from mine HR1 and events from mine HR3. The vari- 
ability of the signals within this group may be explained by the different origins of 
these events. 
- Two-hudred-fifty-six events are located around the mine HM28 (between 67.50N 
and 680N and between 240E and 250E). Their local magnitude varies from 0.096 to 
1.16 with 254 events with a local magnitude lower than 1.0. Event 68 is the only 
event for the mine that was included in the studied data set. No events from this 
mine were reported in the Helsinki bulletin. 
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Mine and event locations: 

Figure 22:    Mine and IMS event locations for area 21. 
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AREA 22 

Latitude: 66 - 670N 
longitude: 18 - 220E 
Local magnitude range: - 
Reported mine locations: None 
Number of events in IMS2:76 
Number of events within the magnitude range: 76 
Number of processed events: 63 
Frequency range used to process the data: 5 -16 Hz 
Processed signal length: 8s. before P, 68s, after P 
Number of reference events: 5 

Table 70: Reference events for area 22 

Event # IMSorid IMS arid IMSwfid Threshold Group 

43 337588 1422473 2628429 0.81 A 

10 25494 804094 881646 0.8 B 

62 345699 1536406 2886203 0.78 C 

47 340339 1448693 2723i36 0.79 D 

53 342809 1501724 2807304 0.81 E 

Number of events found in the Helsinki bulletin: 4 

Talue 71: Events found in the Helsinki bulletin for area 22 

Event # IMS odd IMS origin time IMS mi HEL location HEL lab Group 

12 284V4 7/iy9i 15:39:16.6 1.71 HR1 EXP B 

13 31064 7/19/91 14:30:25.6 1.56 HR1 EXP B 

18 300865 10/28/91 16:30:29.0 1.87 HR1 EXP B 

22 302858 12/13/91 16:31:26.8 1.65 HR1 EXP B 
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Events with the most reliable classification: 

Table 72: Sorted events for area 22 

Event* IMS orid IMS origin time IMSlat IMS Ion IMS ml Group 

1 5474 11/14/90 22-53:08.9 66.9704 21.3453 1.48 A 

17 300770 10/24/91 22:54:11.3 66.9643 21.7687 1.00 A 

23 303533 12/25/91 22-28:34.7 66.8343 21.1342 1.26 A 

24 311935 1/9/92 23:08:56.4 66.2402 21.0287 139 A 

32 327542 5/11/92 2214:42.8 66.5705 20.9485 1.29 A 

33 332723 7/8/92 21:54:27.2 66.9338 21.0630 1.06 A 

36 335271 8/6/92 21:54:28.2 66.6701 20.9574 1.29 A 

38 335353 8/7/92 21:59:18 J 66.9632 21.2433 1.02 A 

42 337520 8/31/92 2215:42.7 66.8857 21.7490 1.02 A 

43 337588 9/1/92 2201:15.6 66.9615 21.5207 0.93 A 

44 338586 9/11/92 21:56:25.9 66.9273 20.9783 1.20 A 

51 341513 10/16/92 23:09:40.6 66.9011 21.0978 1.14 A 

55 343323 11/12/92 23:37:20.3 66.8911 20.9799 134 A 

59 344466 11/24/92 23:10:41.8 66.7964 21.5019 0.90 A 

8 20951 5/1/91 08:06:40.8 66.9249 21.9913 0.87 B 

10 25494 6/4/91 22:12:53.2 66.9968 21.8283 0.88 B 

12 28474 7/1/91 15:39:16.6 66.8572 21.8532 1.71 B 

13 31064 7/19/91 14:30:25.6 66.8973 21.9321 1.56 B 

18 300865 10/28/91 16:30:29.0 66.9718 21.6865 1.87 B 

22 302858 12/13/91 16:31:26.8 66.8820 21.7239 1.65 B 

48 340898 10/6/92 22:54:54.3 66.9608 21.2909 1.11 B 

61 345683 12/16/92 23:07:31.3 66.9078 21.8386 1.23 B 

5 15478 3/28/91 22:28:32.9 66.8711 21.6750 0.81 C 

7 19326 4/25/91 18:23:11.6 66.9682 20.6458 - C 

45 339489 9/21/92 22:22:37.8 66.9888 21.9909 0.51 c 
62 345699 12/17/92 09:53:11.8 66.9482 21.9432 0.81 c 
41 337364 8/29/92 19:56:04.8 66.3954 20.7497 0.75 D 

47 340339 9/28/92 17:37:30.3 66.0676 21.5750 0.64 D 
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Table 72: Sorted events for. area 22 

Event« IMSorid IMS origin time IMSIat IMS Ion IMS ml Group 

63 346759 12/30/92 12:54:14.7 66.0890 21.4066 0.71 D 

3 14459 3/14/91 09:06:37.2 66.0647 21.8314 0.82 E 

4 15723 3/27/91 12:14:07.1 66.0522 21.8149 0.85 E 

53 342809 11/5/92 11:10:50.9 66.2882 21.1107 0.74 E 

60 344658 11/30/92 11:03:00.0 66.1965 21.8287 0.66 E 

Remarks: 

- Events from groups A and B have a location bias with respect to the closest 
mines HR1 and HR3. 
- Events from groups D and E define a small cluster in the South-East of Figure 23. 
No mine has been reported close to this cluster. 
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Mine and event locations: 
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Figure 23:    Mine and IMS event locations for area 22. 
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AREA 23 
Latitude: 67 - 67.50N 
Longitude: 18 - 220E 
Local magnitude range: > 1.5 
Number of events in IMS2:968 
Number of events within the magnitude range: 112 
Number of processed events: 97 
Frequency range used to process the data: 1 -16 Hz 
Processed signal length: 7s. before P, 62s. after P 
Number of reference events: 

Table 73: Reference events for area 23 

Event # IMS orid IMS arid IMSwfid Threshold Group 

12 12948 621440 401282 0.79 A 

36 41528 951691 1259354 0.79 B 

6 10111 539461 624196 U.80 C 

3 3297 532961 476848 0.83 D 

46 303421 1013258 1582922 0.83 E 

75 334722 1370724 2423260 0.81 F 

82 341042 1459160 2729862 0.79 G 

95 344601 1522397 2866188 0.82 H 

79 337216 1402476 2594680 0.82 I 

73 332148 1324765 2228467 0.82 J 

Reported mine locations: 

Table 74: Mine locations for area 23 

Label Latitude 0N Longitude 0E Origin 

JOG52 67.07 20.97 JOG 

N212 67.0833 20.9667 NORW 

HE1 67.1 20.6 old_HELS 

HR3 67.12 20.90 HELS 

JOG44 67.18 20.62 JOG 

JOG45 67.18 20.67 JOG 
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Table 74: Mine locations for area 23 

Label Latitude 0N Longitude 0E Origin 

HR1 67.18 20.67 HELS 

JOG46 67.20 20.67 JOG 

JOG47 67.20 20.71 JOG 

Number of events found in the Helsinki bulletin: 59 

Table 75: Events found in the Helsinki bulletin for area 23 

Event # IMS Grid IMS origin time IMS ml HEL location HEL label Group 

27 26031 6/11/91 15:37:02.1 1.81 HR1 EXP - 

30 30092 7/12/91 15:30:10.6 1.80 HR1 EXP - 

31 30723 7/18/91 16:14:58.0 1.59 HR1 EXP - 

32 31954 7/25/91 15:36:46.9 140 HR1 EXP - 

43 302274 11/25/91 17:16:33.1 2.05 HR1 EXP - 

47* 312857 12/27/91 18:20:07.4 1.96 HR1 EXP - 

48» 312870 1/7/92 17:14:30.8 1.79 HR1 EXP - 

49* 311927 1/9/92 17:24:18.4 1.80 HR1 EXP - 

50* 315270 1/20/92 16:41:12.2 1.94 HR1 EXP -    ■ 

51* 313162 1/13/92 17:39:50.4 1.79 HR1 EXP - 

52« 315430 1/27/92 16:29:143 1.62 HR1 EXP - 

54* 316231 2/6/92 16:28:20.4 1.83 HR1 EXP - 

58* 323558 3/27/92 16:30:05.2 2.05 HR1 EXP - 

59' 325654 4/2/92 16:20:17.2 1.90 HR1 EXP - 

61' 325492 4/22/92 15:30:59.9 1.80 HR1 EXP - 

66" 327370 5/8/92 15:34:04.1 1.98 HR1 EXP - 

70' 328736 5/22/92 14:21:19.8 2.00 HR1 EXP - 

74' 333334 7/14/92 15:40:06.6 1.90 HR1 EXP - 

76* 335262 8/6/92 15:42:10.8 1.78 HR1 EXP - 

55« 319720 2/21/92 16:32:43.4 2.02 HR3 EXP - 

56* 321675 3/12/92 16:36:53.9 1.88 HR3 EXP - 

57 322828 3/17/92 16:30:42.8 1.80 HR3 EXP - 
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Table 75: Events found in the Helsinki bulletin for area 23 

Event # IMSorid IMS origin time IMS ml HEL location HEL label Group 

60 326830 4/9/92 15:38:55.0 1.82 HR3 EXP - 

63« 325921 4/24/92 15:55:38.8 1.92 HR3 EXP ■ 

671 327946 5/15/92 15:34:17.9 1.89 HR3 EXP - 

69* 328219 5/18/92 15:47:06.2 138 HR3 EXP ■ 

711 330846 6/16/92 15:37:513 1.90 HR3 EXP - 

72* 331402 6/23/92 15:36:40.8 1.91 HR3 EXP - 

77 335898 8/14/92 22:33:46.8 1.78 HR4 EXP - 

78* 336485 8/20/92 15:30:33.1 1.73 67.11 20.64 - - 

12 12948 2/6/91 15:03:58.2 1.89 HE1 EXP A 

17 16859 4/5/91 16:19:04.8 1.61 HE1 EXP A 

28 27960 6/18/91 16:32:323 1.90 67.09 20.76 - A 

37 300111 10/1/91 16:31:02.8 1.87 HR1 EXP A 

13 15014 3/16/91 13:01:48.2 1.79 HE1 EXP B 

35 39847 9/12/91 15:33:32.0 1.65 HR1 EXP B 

38 300696 10/23/91 16:30:413 1.64 HR1 EXP B 

81 340394 9/29/92 16:31:32.1 1.64 HR3 EXP B 

1 5122 11/13/90 15:03:40.9 2.13 67.10 20.79 - C 

6 10111 11/3(V90 18:00:07.4 2.26 HE1 EXP C 

10 314432 12/21/90 17:56:43.1 ZOO HE1 EXP C 

15 15296 3/21/91 17:09:43.0 1.76 HE1 EXP C 

16 16069 3/25/91 16:34:13.7 1.69 HE1 EXP C 

18 17092 4/6/91 07:29:383 1.61 HE1 EXP C 

19 17648 4/11/91 15:35:42.9 1.76 HE1 EXP C 

20 18728 4/15/91 16:39:01.0 1.88 HE1 EXP C 

24 22127 5/13/91 16:04:36.0 1.99 67.19 21.01 - C 

33 34951 8/14/91 15:38:38.9 113 HR1 EXP C 

34 38255 9/5/91 15:30:39.7 2.32 HR1 EXP C 

39 301290 11/1/91 17:10:02.2 1.92 HR1 EXP C 

42 301655 11/14/91 16:48:29.9 Z09 HR1 EXP C 

44 302327 12/4/91 16:39:47.1 2.02 HR1 EXP C 

131 



Table 75: Events found in the Helsinki bulletin for area 23 

Event# IMSorid IMS origin time IMS ml HEL location HFJ, label Group 

3 3297 11/22/90 08:53:35.7 2.08 HE1 EXP D 

9 9546 12/17/90 05:20:024 105 HB1 EXP D 

64 326877 5/4/92 01:03:03.2 1.77 HR1 EXP D 

41 301999 11/22/91 17:10:37.8 159 HR1 EXP E 

8 42285 12/6/90 15:03:24.8 202 67.08 20.90 - F 

26 24174 5/28/91 17:02:28.7 1.88 67.09 20.73 F 

75 334722 7/30/92 15:31:004 1.73 HR1 EXP F 

a. Event with a dominant frequency content between S and 6 Hz. 

Events with the most reliable classification: 

'fable 76: Sorted events for area 23 

Event* IMSorid IMS origin time IMSlaL IMS Ion. IMS ml Group 

12 12948 2/6/91 15:03:58.2 67.2013 21.1681 1.89 A 

17 16859 4/5/91 16:19:04.8 67.1761 21.2346 1.61 A 

22 21023 5/7/91 15:58:11.1 67.1196 21.8043 139 A 

28 27960 6/18/91 16:32:313 67.0126 21.5071 1.90 A 

37 300111 10/1/91 16:31:02.8 67.0975 21.4396 1.87 A 

13 15014 3/16/91 13:01:48.2 67.1353 21.1366 1.79 B 

35 39847 9/12/91 15:33:320 67.0436 21.5944 165 B 

36 41528 9/23/91 15:29:56.8 67.1108 21.0166 2.03 B 

38 300696 10/23/91 16:30:41.3 67.1453 213004 1.64 B 

81 340394 9/29/92 16:31:32.1 67.0510 21.1319 1.64 B 

1 5122 11/13/90 15:03:40.9 67.1370 21.1831 2.13 C 

6 10111 11/30/90 18:00:074 67.1515 21.4513 2.26 C 

10 314432 12/21/90 17:56:43.1 67.1609 21.2964 2.00 C 

11 314593 12/28/90 15:54:16.6 67.0551 213345 1.66 C 

15 15296 3/21/91 17:09:43.0 67.1252 21.1469 1.76 C 

16 16069 3/25/91 16:34:13.7 67.1675 213688 1.69 C 

18 17092 4/6/91 07:29:38.5 67.1594 21.4736 1.61 C 
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Table 76: Sorted events for area 23 

Event # IMS orid IMS origin time IMSlaL IMS Ion. IMS mi Group 

19 17648 4/11/91 15:35:42.9 67.1545 21.1229 1.76 C 

20 18728 4/15/91 16:39:01.0 67.1039 21.4353 1.88 C 

24 22127 5/13/91 16:04:36.0 67.1074 21.2971 1.99 C 

25 24508 5/27/91 15:36:09.5 67.0460 21.2963 1.75 C 

29 28959 7/4/91 15:37:19.7 67.0205 213273 1.84 C 

33 34951 8/14/91 15:38:38.9 67.0643 21.4383 2.13 C 

34 38255 9/5/91 15:30:39.7 67.0742 20.9543 232 C 

39 301290 11/1/91 17:10:02.2 67.1656 21.4165 1.92 C 

47. 301655 11/14/91 16:48:29.9 67.1851 21.0566 2.09 C 

44 302327 12/4/91 16:39:47.1 67.1391 21.2842 2.02 C 

2 5131 11/13/90 22:10:04.6 67.1700 21.5070 139 D 

3 3297 11/22/90 08:53:35.7 67.1863 21.1035 2.08 D 

7 42194 12/5/90 07:11:33.4 67.2855 21.0722 2.02 D 

9 9546 12/17/90 05:20:014 67.1949 21.0817 2.05 D 

64 326877 5/4/92 01:03:03.2 67.2269 21.4048 1.77 D 

41 301999 11/22/91 17:10:37.8 67.1171 21.2269 139 E 

46 303421 12/23/91 16:30:417 67.1835 20.9045 1.69 E 

8 42285 12/6/90 15:03:24.8 67.0755 21.3497 2.02 F 

26 24174 5/28/91 17:02:28.7 67.1617 21.1678 1.88 F 

75 334722 WO/92 15:31:00.4 67.0213 21.6136 1.73 F 

5 10070 11/29/90 23:33:36.6 67.4642 19.8187 1.77 G 

14 15294 3/18/91 23:33:03.3 67.4974 20.0607 133 G 

21 20207 4/26/91 22:33:47.9 67.3082 20.0564 1.58 G 

40 301284 11/3/91 22:57:20.7 67.2547 20.9691 137 G 

53 315319 1/30/92 23:13:19.2 67.2683 20.9426 132 G 

62 325843 4/23/92 22:32:57.2 67.3639 20.1175 1.66 G 

68 327967 5/15/92 22:34:52.4 67.2013 19.6238 1.76 G 

82 341042 9/30/92 23:32:59.3 67.3578 19.8195 136 G 

86 34J007 10/8/92 23:36:48.3 67.2781 19.6138 134 G 

89 342542 10/31/92 23:35:39.9 67.4308 20.0309 131 G 

133 



Table 76: Sorted events for area 23 

Event« IMS orid IMS origin time IMSlaL IMS Ion. IMS ml Group 

96 345320 12/10/92 23:33:56.6 67.0646 19.8306 1.64 G 

45 302338 12/4/91 23:34:53.1 67.1108 19.5899 134 H 

80 338054 9/6/92 22:34:28.0 67.1917 193992 1.63 H 

95 344601 11/28/92 23:33:49.6 67.0263 183746 136 H 

79 337216 8/21/92 22:33:10.1 67.1177 193484 1.64 I 

83 340619 10/1/92 23:35:25.7 67.1078 19.4260 1.83 I 

73 332148 7/1/92 22:34:58.1 67.4800 19.9220 1.68 I 

91 343474 11/10/92 23:32:20.1 67.3818 20.2628 131 J 

Remarks: 
- Twenty-six events show a monochromatic frequency content (between 5.5 and 
6.0 Hz) on the ARA0/sz element. This phenomena appeared at the end of Decem- 
ber 1991 and is affecting 50% of the events of the data set. The possibility of 
instrumental problems is not considered since during the same time period, record- 
ings of events from other areas do not show this peculiar feature. In addition, the 
same feature can be seen on data recorded at FINESA. 
- Before May 1991, the Helsinki bulletin referred to only one location in this area: 
67.10oN20.60oE 
- Origin times are distributed around 15:30 and 22:30 (summer time) and 16:30 
and 23:30 (winter time). The events with origin times around 22:30 (23:30 winter 
time) are located on the North-Westem part of the map in Figure 24. They show 
similarities with events located at mine HR4 in area 24. 
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Mine and event locations: 
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Figure 24:    Mine and IMS event locations for area 23. 
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AREA 24 

Latitude: 67.5 - 680N 
Longitude: 18 - 220E 
Local magnitude range: > 1.5 
Number of events in IMS2:2745 
Number of events within the magnitude range: 109 
Number of processed events: 93 
Frequency range used to process the data: 2 -16 Hz 
Processed signal length: 7s. before P, 59s. after P 
Number of reference events: 9 

Table 77: Reference events for area 24 

Event* IMSorid IMS arid IMSwfid Threshold Group 

63 302661 1010830 1506163 0.83 A 

51 35164 883974 1124993 0.86 B 

79 328626 1276827 2051252 0.81 C 

54 38417 928199 1209824 0.81 D 

78 327537 1272325 2037900 0.92 E 

18 19304 744641 621586 0.85 F 

7 10188 612990 405572 0.83 G 

81 332725 1326489 2255440 0.80 H 

82 333657 1355333 2308024 0.82 I 

Reported mine locations: 

Table 78: Mine locations for area 24 

Label Latitude 0N Longitude 0E Origin 

JOG53 67.63 21.03 JOG 

HR2 67.65 21.00 HELS 

HE2 67.70 21.00 old.HELS 

HR4 67.80 20.20 HELS 

JOG48 67.83 20.19 JOG 

N211 67.833 20.205 NORW 

JOG49 67.88 20.23 JOG 
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Number of events found in the Helsinki bulletin: 22 

Table 79: Events found in the Helsinki bulletin for area 24 

Event« IMS orid IMS origin time IMS ml HEL location HFJ. 
lab 

Group 

24 22732 5/14/91 22:34:273 1.94 67.85 20.21 - - 

26 23290 5/19/91 22:31:213 1.69 67.87 20.10 - - 

35 26102 6/13/91 10:48:23.2 2.49 67.83 19.62 EAR!' - 

S8 30C348 10/16/91 2335:09.8 1.68 HR4 EXT - 

61 300907 10/29/91 23:34:26.6 1.61 HR4 EXP - 

73 322810 3/22/92 23:59:553 1.80 HR4 EXP - 

10 14953 3/19/91 23:34:26.4 1.74 HE2 EXP A 

65 302661 12/7/91 2335:05.9 1.83 HR4 EXP A 

14 16864 4/5/91 22:34:353 1.65 67.84 20.05 - B 

19 19502 4/20/91 22:31:293 132 67.88 20.1 - B 

38 28273 6/29/91 13:59:473 133 HR2 EXP B 

52 36919 8/27/91 22:34:45.0 1.64 HR4 EXP B 

43 30914 7/17/91 22:34:57.0 1.69 67.89 20.24 - C 

79 328626 5/16/92 16:40:023 1.62 HR4 EXP C 

86 34>228 9/26/92 22:34:49.8 1.62 HR/« EXi- C 

40 29123 7/5/91 22:35:41.1 1.81 HR1 EXP D 

75 326555 4/25/92 22:35:13.0 1.65 HR4 EXP D 

83 334835 7/31/92 22:35:04.4 1.65 HR4 EXP D 

85 337378 8/29/92 22:40:01.9 1.97 HR4 EXP D 

54 38417 9/6/91 22:35:08.4 1.68 67.81           20.07 - D 

15 17144 4/6/91 2237:03.6 135 67.84    j     20.13 - D 

78 327537 5/11/92 21:44:55.2 1.56 HR1 EXP E 

4 314025 12/9/90 23:33:08.4 133 HE2 EXP F 
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Events with the mostreliabU   hss'fication: 

Table #0: Ported events for area 24 

Event # IMSorid IMS origin time IMSIat IMS Ion IMS ml Group 

10 14953 3/19/91 23:34:26.4 67.7215 20.8629 1.74 A 

65 302661 12/7/91 23:35:05.9 67.6194 203122 1.83 A 

68 313724 1/17/92 23:35:09.9 67.9271 203670 1.71 A 

69 315345 1/24/92 23:35:09.0 67.8665 20.6695 1.77 A 

88 343524 11/15/92 23:3': 10.0 67.7671 20.9366 1.80 A 

12 15763 3/27/91 23:32:56.4 67.8128 20.9172 1.60 B 

13 16343 4/1/91 22:31:44.6 67.7691 20.7947 138 B 

14 16864 4/5/91 22:34:35.3 67.8408 20.5425 1.65 B 

16 17810 4/10/91 22:33:39.4 67.7635 20.9101 1.61 B 

19 19502 4/20/91 22:31:29.5 67.7167 20.7320 132 B 

21 21477 5/2/91 22:33:28.2 67.5940 21.0267 131 B 

22 22323 5/8/91 22:31:53.2 67.8038 20.8545 131 B 

29 24603 5/30/91 22:33:12.4 67.9581 20.1437 1.65 B 

34 26041 6/11/91 22:34:29.2 67.8337 21.0477 135 B 

38 28273 6/29/91 18:59:47.5 67.8426 21.1068 133 B 

41 29124 7/5/91 22:38:53.2 67.9178 21.0006 132 B 

42 30380 7/14/91 21:57:07.7 67.8210 20.6733 1.62 B 

46 31272 7/22/91 22:34:35.7 67.8827 20.7466 139 B 

47 31472 7/23/91 22:34:27.3 67.7593 20.8869 1.65 B 

50 32993 7/31/91 22:35:12.4 67.8610 20.8494 133 B 

51 35164 8/9/91 22:34:51.9 67.8940 21.0513 1.61 B 

52 36919 8/27/91 ..34:45.0 67.8345 20.8000 1.64 B 

53 38299 9/5/91 22:41:41.4 67.9538 21.0196 1.60 B 

55 41550 9/23/91 22:34:22.8 67.8090 20.8043 1.71 B 

57 300124 10/1/91 23:35:04.8 67.8721 20.5525 1.65 B 

9 13374 3/6/91 23:33:13.0 67.7164 21.0720 131 C 

23 22727 5/14/91 20:20:49.7 67.8641 20.9334 1.53 C 

43 30914 7/17/91 22:34:57.0 67.7169 20.8458 1.69 C 
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Table 80: Sorted events for area 24 

Event« IMSorid IMS origin time IMSlat IMS Ion IMS ml Group 

70 317866 2/20/92 23:33:45.2 67.8168 20.8601 1.54 C 

79 328626 5/16/92 16:40:023 67.7991 20.7965 1.62 C 

80 331341 6/22/92 22:34:19.5 67.5148 20.2071 1.63 C 

86 340228 9/26/92 22:34:49.8 67.3S-2 21.2550 1.62 C 

87 340756 9/30/92 11:13:37.7 21.3061 1.51 C 

15 17144 4/6/91 22:37:03.6 67.7996 20.9129 1.55 D 

25 23177 5/17/91 22:36:04.4 67.7840 20.7139 1.52 D 

40 29123 7/5/91 22:35:41.1 67.7648 20.8015 1.81 D 

54 38417 9/6/91 22:35:08.4 67.8012 20.8167 1.68 D 

63 302006 11/22/91 23:34:06.9 67.8130 20.6215 1.80 D 

67 313029 1/11/92 10:13:21.0 67.7717 20.9770 159 D 

75 326555 4/25/92 22:35:13.0 67.8847 20.9680 1.65 D 

83 334835 7/31/92 22:35:04.4 67.7024 21.1369 1.65 D 

85 337378 8/29/92 22:40:01.9 67.8586 20.6815 1.97 D 

78 327537 5/11/92 21:44:55.2 67.8317 21.1613 1.56 E 

91 344626 11/29/92 12:57:06.5 67.7547 20.8902 1.77 E 

4 314025 12/9/90 23:33:08.4 67.7846 20.6952 1.53 F 

17 18736 4/15/91 22:33:19.2 67.7536 21.1406 1.53 F 

18 19304 4/19/91 22:33:12.5 67.7475 20.8005 1.52 F 

7 10188 2/1/91 23:36:54.1 67.8174 20.9144 1.59 G 

60 300840 10/26/91 23:35:03.9 67.8230 20.7486 1.64 G 

5 7823 1/15/91 23:34:02.6 67.7398 21.0070 1.56 H 

36 27713 6/17/91 2235:02.8 67.5106 19.9350 1.54 H 

71 319324 2/24/92 23:35:11.3 67.6676 20.0633 1.69 H 

81 332725 7/8/92 2233:58.2 67.5550 20.4177 1.54 H 

84 336524 8/20/92 22:34:31.6 67.5087 20.1936 1.67 H 

89 343911 11/20/92 23:34:18.4 67.5551 20.2763 1.57 H 

82 333657 7/17/92 22:33:40.8 67.7703 21.0439 1.53 I 

92 344755 12/1/92 23:32:44.8 67.5738 19.8286 1.55 I 
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Remarks: 
- The vast majority of these events have their origin time around 22:35 (summer 
time) and 23:35 (winter time) which are characteristic shooting times of the Kiruna 
mine (HR4) located in this area. 
- The large number of events needed to represent all kind of signals coming from 
this mine may be explained by the size of the mine (4 km long North-South) and 
the different depths of the shots. 
- A location bias is seen on Figure 25 which has been studied by Henson et al. 
(1992). 
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Mine and event locations: 
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Figure 25:    Mine and IMS event locations for area 24. 
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AREA 25 

Latitude: 66 - 68 0N 
Longitude: 12-IS 0E 
Local magnitude range: - 
Number of events in IMS2:146 
Number of events within the magnitude range: 146 
Number of processed events: 120 
Frequency range used to process the data: 3 -16 Hz 
Processed signal length: 11s. before P, 101 s. after P 
Number of reference events: 7 

Table 81: Reference events for area 25 

Event # IMS orid IMS arid IMSwfid Threshold Group 

99 339193 1438945 2689497 0.79 A 

61 320060 1194544 1742133 0.80 B 

69 326980 1238647 2017326 0.80 C 

34 303251 1013585 1608061 0.87 D 

S3 313091 1163425 1656897 0.85 E 

83 331416 1292513 2188588 0.75 F 

45 312925 1031109 1608139 0.78 G 

Reported mine locations: 

Table 82: Mine locations for area 25 

Label Latitude "N Longitude 0E Origin 

N213 66.13329 17.18330 NORW 

N3 66.42 14.68 NORW 

N5 67.15 16.07 NORW 
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Number of events found in the Helsinki bulletin or in the Bergen bulletin: 46 

Table 83: Events reported in the Helsinki bulletin or in the Bergen bulletin for area 25 

Event # IMS orid IMS origin time IMS ml HEL location HEL lab BERorid Group 

73 32S535 05/18/92 13:47:02 2.74 66.91 13.63 EART - 

90 335878 08/0. ^2 11:16:02 2.69 6641 13.21 EART - 

28 300855 10/28/91 12:57:463 7,?4 66.40 1437 - A 

99 339193 9/17/92 11:59:58.2 - 6630 14.76 - A 

18 29706 7/11/91 08:11:49.4 1.98 66.43 14.67 - B 

61 320060 2/25/92 22:08:563 - 6748 14.75 P.E. B 

69 326980 5/5/92 08:00:233 2.10 66.45 14.71 - C 

75 328647 5/21/92 20:09:56.6 - 66.43 14.77 - C 

85 333009 6/27/92 13:49:06.8 1.79 66.83 1339 - C 

34 303251 1/1/92 08:39:04.2 2.01 67.77 15.17 EART 3* D 

46 313181 1/10/92 22:25:423 2.06 67.72 14.97 EART 32* D 

47 313020 01/11/92 01:45:35 1.49 - - - 51' D 

50 313018 01/11/92 01:17:30 130 - - - 50* D 

110 343515 11/15/92 18:30:36.0 - - - - ■ D 

111 343517 11/15/92 18:44:463 - - - - ■ D 

112 343518 11/15/92 18:58:44.4 - - - - ■ D 

14 26883 6/15/91 02:52:393 133 67.73 15.15 P.E. - E 

35 303471 01/04/92 03:43:44 1.93 - - - 35* E 

42 303433 1/5/92 05:11:56.1 1.64 67.76 15.16 P.E. 18* E 

53 313091 1/25/92 11:57:35.3 1.91 6736 15.40 P.E. 56* E 

54 313094 1/25/92 12:16:46.2 2.71 67.75 15.09 EART 57« E 

58 315678 02/03/92 23:39:09 135 - - - 63b E 

114 343513 11/16/92 01:30:19.6 - - - - • E 

116 344386 11/20/92 18:49:28.0 1.15 - - - • E 

38 312938 1/4/92 06:00:51.7 - 67.77 15.24 EART 12' F 

39 303256 1/4/92 09:06:29.3 2.22 67.78 15.22 EART 13' F 

40 303395 1/5/92 01:20:49.5 1.71 67.71 15.17 P.E. 16' F 

55 313112 1/25/92 19:12:53.7 1.83 6737 15.42 P.E. 59b F 

144 



Table 83: Events reported in the Helsinki bulletin or in the Bergen bulletin for area 25 

Event* IMS orid IMS origin time IMS ml HEL location HEL lab BERorid Group 

64 321224 2/29/92 20:47:11.6 2.08 67.48 14.75 P.E. ■ F 

76 328628 5/19/92 08:30:22.6 - - - - • F 

80 330639 6/12/92 04:48:37.7 2.13 67.68 15.05 P.E. i F 

82 331414 6/20/92 21:37:17.9 2.29 67.78 15.19 P.E. ■ F 

83 331416 6/20/92 23:01:31.6 2.74 67.79 15.21 P.E. * F 

36 312934 1/4/92 04:15:04.7 - 67.78 15.13 EART 10* O 

37 303473 01/04/92 05:33:24 1.05 - - - 371 G 

41 303428 01/05/92 02:31:20 1.16 - - - 41« O 

44 303493 01/06/92 08:26:23 1.58 - - - 46» G 

45 312925 1/1/92 10:15:08.4 1.79 67.74 15.19 P.E. 4* G 

49 312926 01/01/92 14:46:11 136 - - - 34b G 

52 312922 01/01/92 08:57:09 - - - - 32b O 

57 315636 02/03/92 04:15:43 1.13 - - - 63* G 

115 343800 11/17/92 13:02:24.7 1.41 - - - • G 

73 328535 5/18/92 13:47:01.8 2.74 66.91 13.63 EART - c 

43 303125 1/5/92 07:57:103 1.00 - - - 44 d 

51 312921 1/1A2 08:18:07.9 - - - - 29 i 

90 335878 8/3/92 11:16:01.5 2.69 66.41 13.21 EART - d 

a. Confirmed by K. Atakan. 
b. Event provided by T. Sereno, not confirmed by K. Atakan. 
c. Overlapping events. 
d. Event not sorted. 

Events with the most reliable classification: 

Table 84: Sorted events for area 25 

Event # IMS orid IMS origin time IMS lat IMS Ion IMS mi Group 

1 7524 11/21/90 12:40.37.2 66.3572 15.1024 2.05 A 

2 10134 12/17/90 09:58:58.1 66.3395 15.2338 1.75 A 

28 300855 10/28/91 12:57:46.3 66.3166 15.1514 2.24 A 

31 302796 12/6/91 12:37:01.2 66.4437 14.9816 2.21 A 

60 317832 2/20/92 12:54:24.0 66.2465 15.1126 1.30 A 
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Table 84: Sorted events for area 25 

Event # IMS orid IMS origin time IMSlat IMS Ion IMS ml Group 

66 323134 3/31/92 06:39:04.1 66.2011 15.8001 1.43 A 

67 325157 4/1/92 23:31:07.2 66.5548 14.9065 1.59 A 

92 336714 8/13/92 13:26:07.9 66.0697 16.2137 1.57 A 

99 339193 9/17/92 11:59:58.2 66.4837 14.6998 - A 

117 344459 11/25/92 10:29:46.7 66.4714 14.8406 1.94 A 

18 29706 7/11/91 08:11:49.4 66.1959 16.0441 1.98 B 

27 41639 9/25/91 11:50:52.9 66.4171 14.9897 2.15 B 

61 320060 2/25/92 22:08:56.3 66.7613 14.0294 - B 

63 320293 2/26/92 11:31:27.9 66.4696 15.0185 1.54 B 

72 327483 516191 19:18:34.1 66.3405 14.9448 134 B 

89 333207 7/13/92 00:48:12.6 66.8199 13.8241 133 B 

98 338208 9/8/92 04:15:57.1 66.7930 13.6135 1.69 B 

107 342368 10/27/92 14:57:54.8 66.8163 13.6956 2.06 B 

118 345519 12/9/92 15:51:17.1 66.2027 16.2242 1.43 B 

119 346212 12/15/92 00:26:28.7 66.3860 14.8608 130 B 

33 302995 12/18/91 16:31:57.1 66.4057 14.9794 2.01 C 

69 326980 5/5/92 08:00:23.5 66.0993 16.7915 2.10 C 

75 328647 5/21/92 20:09:56.6 66.4179 15.1123 - C 

79 330532 5/30/92 05:51:38.2 66.8275 13.4079 1.93 C 

85 333009 6/27/92 13:49:06.8 66.7363 13.9748 1.79 C 

87 333188 7/10/92 09:19:02.5 66.3592 15.3888 2.01 C 

101 340744 10/1/92 17:47:48.0 66.7401 14.2977 1.79 C 

34 303251 1/1/92 08:39:04.2 67 5136 15.8723 2.01 D 

46 313181 1/10/92 22:25:42.3 67.6260 15.4633 2.06 D 

47 313020 1/11/92 01:45:34.9 67.0719 16.0868 1.49 D 

50 313018 1/11/92 01:17:29.6 67.0333 16.2929 1.50 D 

110 343515 11/15/92 18:30:36.0 66.7549 16.9413 - D 

111 343517 11/15/92 18:44:46.5 66.8215 17.1151 - D 

112 343518 11/15/92 18:58:44.4 67.3430 16.3643 - D 

14 26883 6/15/91 02:52:39.5 67.5410 15.6738 1.53 E 
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Table 84: Sorted events for area 25 

Event # IMS orid IMS origin time IMSlat IMS Ion IMS ml Group 

15 28221 7/3/91 05:11:09.4 67.5759 16.9945 1.29 E 

24 35805 8/21/91 01:28:03.8 66.7605 16.5446 134 E 

35 303471 1/4/92 03:43:44.1 67.4594 15.6312 1.93 E 

42 303433 1/5/92 05:11:56.1 67.5708 15.4463 1.64 E 

53 313091 1/25/92 11:57:353 67.6413 15.5252 1.91 E 

54 313094 1/25/92 12:16:46.2 67.6892 15.3479 2.71 E 

58 315678 mm 23:39:09.2 67.1794 16.6321 135 E 

114 343513 11/16/92 01:30:19.6 67.7129 15.2284 - E 

116 344386 11/20/92 18:49:28.0 66.9233 16.4507 1.15 E 

38 312938 1/4/92 06:00:51.7 67.8151 15.0871 - F 

39 303256 1/4/92 09:06:29.3 67.6646 15.2246 2.22 F 

40 303395 1/5/92 01:20:49.5 67.3244 16.1006 1.71 F 

55 313112 1/25/92 19:1253.7 67.5236 15.8805 1.83 F 

64 321224 2/29/92 20:47:11.6 67.5982 15.5651 2.08 F 

76 328628 5/19/92 08:30:22.6 67.5139 15.7613 - F 

80 330639 6/12/92 04:48:37.7 67.6789 15.3625 2.13 F 

82 331414 6/20/92 21:37:17.9 67.3420 16.4282 2.29 F 

83 331416 6/20/92 23:01:31.6 67.5604 15.6845 2.74 F 

108 342557 10/30/92 19:34:15.8 67.1415 16.1542 139 F 

36 312934 1/4/92 04:15:04.7 67.5847 15.4876 - G 

37 303473 1/4/92 05:33:23.6 66.8573 16.4742 1.05 G 

41 303428 1/5/92 02:31:19.5 67.6014 17.1640 1.16 G 

44 303493 1/6,92 08:26:23.4 67.1629 16.4434 138 G 

45 312925 1/1/92 10:15:08.4 67.0345 16.0389 1.79 G 

49 312926 1/1/92 14:46:10.7 66.9356 16.7003 1.36 G 

52 312922 1/1/92 08:57:09.2 67.4«27 16.0597 - G 

57 315636 2/3/92 04:15:42.6 67.2326 16.0450 1.13 G 

115 343800 11/17/92 13:02:24.7 66.8555 17.1680 1.41 G 
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Remarks: 
- Events from groups D, E, F and G arc part of the earthquake swarm that occurred 
in Steigen (Norway) in 1992 (Atakan, 1992). 
- According to the author, the activity started on January 1,1992. The event classi- 
fication revealed that three events of the studied data set were very similar to the 
events from the swarm. They occurred in the same area in June 1991, July 1991 
and August 1991, respectively. 
-The list of Steigen events provided by the University of Bergen and shown in 
Table 83 does not include all events associated with this swarm of earthquakes. 
Only 25 events (23 are shown in Table 83) were on this list while the author 
reported 89 events between January 1,1992 and February 18,1992. 

Mine and event locations: 
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Figure 26:    Mine and IMS event locations for area 25. 
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AREA 26 

Latitude: 64 - 660N 
Longitude: 10 - 180E 
Local magnitude range: - 
Number of events in IMS2:27 
Number of events within the magnitude range: 27 
Number of processed events: 17 
Number of events found in the Helsinki bulletin: None 
Frequency range used to process the data: 3 - 16 Hz 
Processed signal length: 11s. before P, 101s. after P 
Number of reference events: None 
Reported mine locations: 

Table 85: Mine locations for area 26 

Label Latitude 0N Longitude 0E Origin 

N216 64.10 12.5833 NORW 

N9 64.07 11.20 NORW 

N7 64.87 13.88 NORW 

N8 65.93 13.88 NORW 

Remarks: 
- Only a small number of events are located in this area and they all look different. 
The IMS ideations do not show any tendancy to cluster on Figure 27. They prob- 

ably have diverse sources. 
Events with the most reliable classification: None 
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Mine and event locations: 

Figure 27:    Mine and IMS event locations for area 26. 
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AREA 27 

Latitude: 64 - 660N 
Longitude: 18 - 24^ 
Local magnitude range: - 
Number of events in IMS2:54 
Number of events within the magnitude range: 54 
Number of processed events: 38 
Frequency range used to process the data: 3 -16 Hz 
Processed signal length: 11s, before/', 101s. after ^ 
Number of reference events: None 
Reported mine locations: 

Table 86: Reported mine locations for area 27 

Label Latitude 0N Longitude 0E Origin 

N220 64.05000 20.71670 KORW 

N216 64.10000 1938330 NORW 

N214 64.13329 18.56670 NORW 

Number of events found in the Helsinki bulletin: 13 

Table 87: Events found in the Helsinki bulletin for area 27 

Event,** IMSorid IMS origin time IMS ml HEL location HFl.lab Group 

4 11179 1/19/91 21:01:13.8 2.28 65.66 18.06 P.E. - 

9 25522 6/5/91 09:05:53.0 1.71 64.32 20.77 P.E. - 

10 25748 6/6/91 12:46:11.5 3.22 65.58 22.70 P.E. - 

12 32436 7/28/91 20:38:51.6 1.09 65.78 22.57 P.E. - 

15 41532 °'23/91 19:20:28.3 3.15 64.58 21.40 EART - 

16 41547 9/23/91 20:53:26.2 1.29 64.44 21.31 P.E. - 

17 301196 11/8/91 22:07:51.4 1.98 65.23 22.71 P.E. - 

23 325621 4/2/92 12:40:05.1 1.68 64.01 23.55 - - 

27 327190 4/16/92 10:21:42.6 2.34 64.18 20.64 EART - 

32 336422 8/11/92 20:43:20.5 2.06 64.47 20.95 
  

PE.        1 - 

33 337513 8/31/92 18:57:38.3 1.05 HM22 EXP - 
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Table 87: Events found in the Helsinki bulletin for area 27 

Event* IMSorid IMS origin time IMS ml HF.I, location HFJ.lab Group 

34 338193 9/4/92 21:58:07.5 1.46 65.89 22.00 P.E. - 

35 340554 9/28/92 14:48:53.5 1.42 65.01 2134 P.E. - 

Remarks: 
- Only two events are really similar events IS and 16 that occurred in the Bothnian 
Bay, on the same day. 
- The other events look different from each other and their spread locations reflects 
their diverse origin. 
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Mine and event locations: 

Figure 28:     Mine and IMS evemc locations for area 27. 
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AREA 28 

Latitude: 64 - 660N 
Longitude: 24 - 260E 
Local magnitude range: - 
Number of events mIMS2:108 
Number of events within the magnitude range: 108 
Number of processed events: 83 
Frequency range used to process the data: 3 -16 Hz 
Processed signal length: 11s. before/', 101s. afterf 
Number of reference events: 7 

Table 88: Reference events for area 28 

Event # IMS orid IMS arid IMSwfid Threshold Group 

11 16856 727625 555043 0.84 A 

75 341881 1481791 2776002 0.84 B 

19 22198 782964 746397 0.83 C 

78 344303 1505955 2858163 0.85 D 

42 301329 1004387 1439950 0.80 E 

17 21747 763641 756882 0.83 F 

50 321822 1225658 1831221 0.81 G 

Reported mine locations: 

Table 89: Mine locations for area 28 

Label Latitude 0N Longitude 0E Origin 

HM9 64.1 24.7 HELS 

HM11 64.41 25.15 HELS 

N106 64.41 25.15 NORW 

HM22 65.78 24.70 HELS 

N107 65.78 24.70 NORW 

HA25 65.8 24.7 old_HELS 

N120 65.90 24.47 NORW 
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Number of events found in the Helsinki bulletin: 55 

Table 90: Events found in the Helsinki bulletin for area 28 

Event« IMSorid IMS origin time IMS ml HEL location HEL lab Group 

1 3005 11/21/90 14:17:56.5 1.40 65.15 25.69 - - 

6 322356 2/4/91 12:27:38.1 1.31 65.16 25.47 - - 

10 15958 3/28/91 08:28:16.8 1.32 64.42 24.10 - - 

14 19218 4/19/91 07:31:520 1.26 65.08 2536 - - 

16 21337 5/2/91 12:54:52.8 1.20 64.18 24.02 - - 

33 36903 8/27/91 12:25:49.9 1.28 65.09 2539 - - 

37 40215 9/18/91 09:47:49.4 1.30 65.10 25.65 - - 

38 40608 9/20/91 08:35:16.1 1.24 65.09 2538 - - 

48 320994 2/28/92 13:41:53.4 1.07 64.26 2431 - - 

55 325707 4/3/92 07:45:421 1.40 65.11 2539 - - 

67 335816 8/14/92 07:57:43.1 1.29 65.10 25.65 - - 

68 337507 8/31/92 16:13:57.4 1.08 64.66 2436 - - 

71 340308 9/28/92 13:07:09.2 1.60 65.10 25.64 - - 

26 25918 6/11/91 19:00:37.0 1.31 HM22 EXP - 

35 38405 9/6/91 17:04:50.7 1.78 HM22 EXP - ■ ■ 

49 324243 3/19/92 12:56:320 1.59 HM22 EXP - 

52 323572 3/31/92 19:3229.6 1.08 HM22 EXP - 

62 330907 6/17/92 10:59:58.6 1.75 HM22 EXP - 

64 332806 7/9/92 15:37:07.2 1.19 HM22 EXP - 

65 333488 7/16/92 09:01:58.5 1.43 HM22 EXP - 

4 8870 1/24/91 20:03:51.3 1.70 HA25 EXP A 

11 16856 4/5/91 14:5234.4 1.62 HA25 EXP A 

12 17653 4/11/91 17:10:11.2 1.52 HA25 EXP A 

56 326832 4/9/92 17:09:22.3 1.53 HM22 EXP A 

69 339009 9/10/92 17:09:37.4 1.74 HM22 EXP A 

41 41890 9/27/91 17:16:15.1 1.35 HM22 EXP B 

53 323575 3/31/92 20:05:10.1 1.66 HM22 EXP B 

61 329115 5/27/92 1058:41.6 1.79 HM22 EXP B 
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Table 90: Events found in the Helsinki bulletin for area 28 

Event« IMSorid IMS origin time IMS ml HEL location HELlab Group 

15 19295 4/19/91 17:01:54.3 1.84 HA25 EXP C 

19 22198 5/13/91 18:50:07.6 1.61 HA25 EXP C 

25 25900 6/7/91 18:56:11.8 2.00 HM22 EXP C 

13 18124 4/17/91 19:24:46.5 1.65 HA25 EXP D 

23 24175 5/28/91 17:06:19.4 1.69 HA25 EXP D 

24 24589 5/30/91 17:00:25.4 1.81 HA25 EXP D 

34 36911 8/27/91 17:01:44.4 1.36 HM22 EXP D 

70 339136 9/17/92 17:08:41.4 -999.00 HM22 EXP D 

30 34956 8/14/91 17:00:29.7 1.82 HM22 EXP E 

31 35825 8/21/91 10:59:43.5 1.06 HM22 EXP E 

39 40685 9/20/91 14:53:29.1 1.29 HM22 EXP E 

40 41703 9/26/91 10:59:59.0 2.00 HM22 EXP E 

42 301329 11/4/91 12:15:35.7 1.68 HM22 EXP E 

44 312860 1/7/92 12:03:41.5 1.09 HM22 EXF E 

2 8324 11/26/90 19:57:27.3 1.56 HA25 EXP F 

3 7627 1/15/91 11:55:08.2 1.92 HA25 EXP F 

7 13531 3/7/91 19:48:41.5 1.45 HA25 EXP F 

« 14943 3/19/91 19:51:35.2 1.48 HA25 EXP F 

9 15755 3/27/91 18:05:49.9 1.54 HA25 EXP F 

17 21747 5/3/91 17:03:59.7 1.70 HA25 EXP F 

20 22654 5/17/91 15:00:05.1 1.14 HA25 EXP F 

29 34336 8/13/91 17:05:43.8 1.54 HM22 EXP F 

43 301251 11/12/91 15:57:54.4 1.45 HM22 EXP G 

45 321011 2/28/92 16:14:35.0 1.53 HM22 EXP G 

46 321744 3/6/92 18:14:47.6 1.47 HM22 EXP G 

50 321822 3/20/92 18:19:46.3 1.70 HM22 EXP G 

57 324967 4/15/92 18:58:55.0 1.31 HM22 EXP G 
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Events with the most reliable classification: 

Table 91: Sorted events for area 28 

Event # IMS orid IMS origin time IMSlat IMS Ion IMS ml Group 

4 8870 1/24/91 20:03:51.3 65.8656 24.9151 1.70 A 

11 16856 4/5/91 14:52:34.4 65.7620 24.6712 1.62 A 

12 17653 4/11/91 17:10:11.2 65.8296 24.2717 1.52 A 

56 326832 4/9/92 17:09:27,3 65.7227 25.0668 1.53 A 

69 339009 9/10/92 17:09:37.4 65.7954 24.9621 1.74 A 

41 41890 9/27/91 17:16:15.1 65.6729 24.7773 135 B 

53 323575 3/31/92 20:05:10.1 65.8121 25.1158 1.66 B 

61 329115 5/27/92 10:58:41.6 65.5559 25.0345 1.79 B 

72 340925 10/7/92 11:59:56.9 65.7325 25.0824 1.72 B 

73 341278 10/13/92 16:02:18.7 65.8776 25.0708 1.49 B 

75 341881 10/21/92 11:54:29.8 65.8574 24.9587 1.58 B 

15 19295 4/19/91 17:01:54.3 65.7607 25.1053 1.84 C 

19 22198 5/13/91 18:50:07.6 65.8084 25.0236 1.61 C 

25 25900 6/7191 18:56:11.8 65.7913 25.0167 2.00 C 

59 327686 5/13/92 17:10:05.7 65.8478 24.7954 -999.00 C 

76 343317 11/12/92 19:51:15.9 65.8793 24.3314 1.49 C 

13 18124 4/17/91 19:24:46.5 65.7533 25.9013 1.65 D 

23 24175 5/28/91 17:06:19.4 65.8349 25.0865 1.69 D 

24 24589 5/30/91 17:00:25.4 65.8514 25.3562 1.81 D 

34 36911 8/27/91 17:01:44.4 65.7524 24.9877 136 D 

70 339136 9/17/92 17:08:41.4 65.8272 25.0053 - D 

78 344303 11/25/92 15:59:53.0 65.8583 25.1809 1.70 D 

21 24022 5/23/91 17:03:15.1 65.8041 24.9901 130 E 

30 34956 8/14^1 17:00:29.7 65.5767 25.4875 1.82 E 

31 35825 8/21/91 10:59:43.5 65.7527 25.7084 1.06 E 

39 40685 9/20/91 14:53:29.1 65.6215 25.0284 1.29 E 

40 41703 9/26/91 10:59:59.0 65.8481 25.2756 2.00 E 

42 301329 11/4/91 12:15:35.7 65.8468 25.6021 1.68 E 
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Table 91: Sorted events for area 28 

Event« IMS orid IMS origin time IMSIat IMS Ion IMS ml Group 

44 312860 1/7/92 12:03:41.5 65.5997 25.0222 1.09 E 

2 8324 11/26/90 19:57:27.3 65.8014 25.2255 136 F 

3 7627 1/15/91 11:55:08.2 65.8070 25.1888 1.92 F 

7 13531 3/7/91 19:48:41.5 65.7870 25.4191 IA5 F 

8 14943 3/19/91 19:51:35.2 65.8721 25.1724 1.48 F 

9 15755 3/27/91 18:05:49.9 65.8579 25.0173 1.54 F 

17 21747 5/3/91 17:03:59.7 65.7756 25.2348 1.70 F 

20 22654 5/17/91 15:00:05.1 65.9917 25.3301 1.14 F 

29 34336 8/13/91 17:05:43.8 65.7984 24.2873 134 F 

43 301251 11/12/91 15:57:54.4 65.8152 24.8128 1.45 G 

45 321011 2/28/92 16:14:35.0 65.8056 24.8523 1.53 G 

46 321744 3/6/92 18:14:47.6 65.8021 24.8924 1.47 G 

50 321822 3/20/92 18:19:46.3 65.7922 24.3537 1.70 G 

57 324967 4/15/92 18:58:55.0 65.8311 24.7173 131 G 

60 328439 5/20/92 15:06:01.3 65.7000 25.0149 138 G 

83 347185 1/5/93 17:53:25.6 65.9859 24.4278 1.64 G 

Remarks: 
- According to the Helsinki bulletin identification, all events in group A, B, C, D, E, F and 
G originate from the same mine HM22 (HA25). 
- The unsorted events have locations spread over the area. Most of them have low signal- 
too-noise ratio or are mixed with another event. 
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Mine and event locations: 

Figure 29:    Mine and IMS event locations for area 28. 
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AREA 29 

Latitude: 64 - 660N 
Longitude: 26 - 30oE 
Local magnitude range: - 
Number of events in IMS2:62 
Number of events within the magnitude range: 62 
Number of processed events: 44 
Frequency range used to process the data: 5 -16 Hz 
Processed signal length: 10s. before P, 90s. after P 
Number of reference events: 6 

Table 92: Reference events for area 29 

Event # IMS orid IMS arid IMS wfid Threshold Group 

26 302298 1009376 1496989 0.90 A 

5 14119 703299 475477 0.84 B 

33 326412 1237387 2001654 0.81 C 

16 22125 781981 744570 0.77 D 

1 S806 526393 629008 0.86 E 

18 23030 787126 784740 0.81 F 

Reported mine locations: 

Table 93: Mine locations for area 29 

Label Latitude 0N Longitude 0E Origin 

HM10 64.1 27.1 HELS 

HM8 64.12 28.06 HELS 

N126 64.12 28.06 NORW 

[old(HM8)] 64.1 28.1 old_HELS 

HM25 65.8 28.1 HELS 
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Number of events found in the Helsinki bulletin: 29 

Table 94: Events found in the Helsinki bulletin for area 29 

Evc-ni 
# 

r 

IMS orid IMS origin time IMS ml HEL location HEL lab Group 

2 5842 11/15/90 18:01:43.5 1.60 HA25 EXP - 

4 10023 11/29/90 11:09:33.5 1.55 old(HM8) EXP - 

21 26092 6/13/91 09:09:29.2 1.28 64.28 27.93 - - 

22 27958 6/18/91 14:24:16.7 1.07 HM8 EXP - 

25 301795 11/19/91 14:03:50.8 1.46 HM8 EXP - 

28 313081 1/25/92 03:14:483 1.77 65.74 27.09 P.E. - 

29 319373 2/19/92 15:43:41.2 1.29 65.21 25.65 - - 

30 319295 2/18/92 12:00:41.5 1.89 64.22 27.47 - - 

34 327304 5/8/92 08:04:17.0 1.33 65.13 25.69 - - 

36 328556 5/21/92 11:33:03.2 1.17 65.18 25.87 - - 

38 328680 5/22/92 08:26:07.1 2.06 65.84 28.87 EART - 

26 302298 12/4/91 13:17:35.6 1.48 HM8 EXP A 

5 14119 3/12/91 12:14:13.4 1.52 oId(HM8) EXP B 

7 16776 4/2/91 11:29:50.1 1.42 64.24 27.96 - B 

8 18599 4/16/91 10:52:50.0 1.64 old(HM8) EXP B 

11 22196 5/6/91 14:55.013 1.67 64.26 27.96 - B 

32 324831 4/15/92 ^5:10:413 1.12 HM8 EXP C 

35 328210 5/18/92 13:17:53.8 1.37 HM8 EXP C 

6 14427 3/2Q/91 14:10:58.7 1.03 old(HM8) EXP C 

19 23465 5/22/91 11:26:09.1 1.61 65.06 25.73 - D 

31 324904 4/1/92 13:03:28.4 1.43 65.10 2536 - D 

39 330139 6/10/92 12:50:26.7 1.40 65.09 25.70 - D 

1 5806 11/15/90 14:11:25.0 1.40 65.19 25.81 - E 

10 21860 5/3/91 07:35:25.4 1.27 65.15 25.7 - E 

23 319373 2/19/92 15:43:41.2 1.29 65.21 25.65 - E 

9 19829 4/25/91 11:31:16.0 1.69 64.89 26.37 - F 

12 21781 5/7/91 08:36:25.8 1.36 64.87 26.47 - F 
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Table 94; Events found in the Helsinki bulletin for area 29 

Event 
# 

IMS orid IMS origin time IMS ml HEL location HEL lab Group 

14 22604 5/10/91 05:04:02.1 1.49 65.01 25.44 - F 

18 23030 5/17/91 06:18:38.0 1.38 64.85 25.99 - F 

Events with the most reliable classification: 

Table 95: Sorted events for area 29 

Event # IMS orid IMS origin time IMs lat IMS Ion IMS ml Group 

26 302298 12/4/91 13:17:35.6 64.2212 27.9764 1.48 A 

27 303325 1/3/92 10:34:51.5 64.2715 28.1714 1.59 A 

5 14119 3/12/91 12:14:13.4 64.2250 28.5060 152 B 

7 16776 4/2/91 11:29:50.1 64.1935 28.0010 1.42 B 

8 18599 4/16/91 10:52:50.0 64.2717 27.8544 1.64 B 

11 22196 5/6/91 14:55:01.3 64.3083 28.4076 1.67 B 

6 14427 3/20/91 14:10:58.7 64.0889 27.9812 1.03 C 

32 324831 4/15/92 15:10:41.3 64.0018 27.7858 1.12 C 

33 326412 4/29/92 13:04:20.5 65.5002 28.5165 0.85 C 

35 328210 5/18/92 13:17:53.8 64.0260 28.2639 137 C 

44 345364 12/11/92 13:32:24.8 64.9340 29.6531 1.83 C 

16 22125 j/13/91 09:5t-59.8 65.1374 26.2735 135 D 

17 228^8 5/16/91 11:41:26.2 65.8739 26.2947 1.13 D 

IV 23465 5/22/91 11:26:09.1 65.1247 26.0420 1.61 D 

20 24793 5/31/91 09:34:41.0 65.1872 26.0845 1.34 D 

24 36185 8/23/91 20:01:59.9 65.1477 26.4854 0.99 D 

31 324904 4/1/92 13:03:28.4 65.1798 26.1041 1.43 D 

39 330139 6/10/92 12:50:26.7 65.2162 26.2577 1.40 D 

1 5806 11/15/90 14:11:25.0 65.1510 26.1431 1.40 E 

10 21860 5/3/91 07:35:25.4 65.1929 26.0641 1.27 E 

23 35796 8/20/91 17:59:15.3 65.1836 26.1148 1.31 E 

9 19829 4/25/91 11:31:16.0 64.9855 27.3959 1.69 F 

12 21781 5/7/91 08:36:25.8 65.0623 26.3808 1.36 F 
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Table 95: Sorted events for area 29 

Event« IMSorid IMS origin time IMslat IMS Ion IMS ml Group 

14 22604 5/10/91 05:04:02.1 64.9271 26.9928 1.49 F 

18 23030 5/17/91 06:18:38.0 65.0434 26.4565 138 F 

42 343478 11/16/92 13:22:37.9 64.6468 28.1205 - F 

Remarks: 
- Several events from groups A, B and C were identified as being from the same 
mine HM8 according to the Helsinki bulletin. 
- The locations of the events from groups D, E and F form a cluster on the West 
part of the map shown in Figure 30. No mine has been reported close to these 
events. 
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Mine and event locations: 

HVIO 

Figure 30:    Mine and IMS event locations for area 29. 
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AREA 30 

Latitude: 64 - 660N 
Longitude: 30-WE 
Local magnitude range: > 2.0 
Number of events in IMS2:155 
Number of events within the magnitude range: 89 
Number of processed events: 68 
Ficquency range used to process the data: 3 - 16 Hz 
Processed signal length: 11s. before P, 101s. after P 
Number of reference events: 8 

Table 96: Reference events for area 30 

Event# IMS orid IMS arid IMSwfid Threshold Group 

53 327905 1276393 2048914 0.70 A 

46 315353 1164717 1671642 0.79 B 

35 301860 1006904 1424422 0.81 C 

49 320979 1215815 1820571 0.79 D 

30 300151 1000359 1287842 0.80 E 

62 338267 1429351 2655546 0.81 F 

52 325447 1235151 1974906 0.80 G 

31 301009 1003623 143141S 0.79 H 

Reported mine locations: 

Table 97: Mine locations for area 30 

Label Latitude 0N Longitude 0E Origin 

HC17 64.7 30.7 old.HELS 

HV10 64.68 30.66 HELS 
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Number of events found in the Helsinki bulletin: 58 

Table 98: Events found in the Helsinki bulletin for area 30 

Event# IMSorid IMS origin time IMS ml HEL location HEL lab Group 

21 29369 7/10/91 12:32:18.9 2.40 HV10 EXP - 

7 7024 12/28/90 10:31:13.6 2,23 HC17 EXP A 

13 16671 3/29/91 16:12:40.7 7.26 HC17 EXP A 

14 16669 3/29/91 16:13:01.5 230 HC17 EXP A 

15 19725 4/24/91 11:59:39.2 235 64.74 30.77 P.QB A 

18 24848 5/31/91 10:40:37.2 233 64.64 30.84 - A 

20 28157 6/26/91 11:00:13.3 2.67 HV10 EXP A 

27 35834 8/21/91 13:15:573 2.04 HV10 EXP A 

29 36719 8/28/91 12:00:31.7 2.25 HV10 EXP A 

37 302406 11/29/91 11:00:27.0 2.17 HV10 EXP A 

42 302974 12/18/91 11:01:28.4 2.25 HV10 EXP A 

44 313144 1/10/92 11:01-14.3 230 HV10 EXP A 

45 313692 1/17/92 11:00:31.4 230 HV10 EXP A 

50 325713 4/3/92 09:04:52.4 2.62 HV10 EXP A 

53 327905 5/15/92 09:22:22.2 2.20 HV10 EXP A 

54 329812 6/5/92 09:01:28.0 2.06 HV10 EXP A 

57 332865 7/10/92 10:00:09.4 232 HV10 EXP A 

58 333605 7/17/92 10:01:57.7 231 HV10 EXP A 

9 7858 1/16/91 10:10:543 2.15 HC17 EXP B 

12 15113 3/20/yl 12:07:55.8 238 HC17 EXP B 

26 31673 7/24/91 10:00:05.9 2.49 HV10 EXP B 

28 35835 8/21/91 13:16:16.9 2.21 HV10 EXP B 

38 302781 12/6/91 10:14:50.2 2.08 HV10 EXP B 

46 315353 1/31/92 10:00:443 2.62 HV10 EXP B 

60 334046 7/22/92 09:00:01.2 2.08 HV10 EXP B 

11 14366 3/13/91 10:01:28.4 2.08 HC17 EXP C 

19 25678 6/5/91 12.21:08.1 2.03 HV10 EXP C 

35 301860 11/20/91    i 11:05:58.8 2.11 HV10 EXP C 
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Table 98: Events found in the Helsinki bulletin for area 30 

Event* IMS orid IMS origin time IMS ml HEI, location HELlab Group 

25 30078 7/12/91 11:40:17,3 ?..62 HV10 EXP D 

40 302703 12/11/91 11:16:29.8 2.13 HV10 EXP D 

47 319402 2/21/92 11:01:53 J5 2.72 HV10 EXP D 

49 320979 3/18/92 10:00:36.1 2.67 HV10 EXP D 

51 324430 4/10/92 11:00:47.8 238 HV10 EXP D 

55 331053 6/19/92 09:12:53.5 2.01 HV10 EXP D 

56 332632 7/8/92 09:00:08.8 2.22 HV10 EXP D 

2 9494 11/28/90 12:01:18.4 2.77 HC17 EXP E 

3 42209 12/5/90 11:47:08.3 2,26 HC17 EXP E 

24 30075 7/12/91 11:00:12.2 2.62 HV10 EXP E 

30 300151 10/2/91 14:31:253 2.41 HV10 EXP E 

33 301385 11/6/91 11:22:24.9 236 HV10 EXP E 

5 314418 12/21/90 12:00:34.5 234 HC17 EXP E 

6 7261 12/25/90 11:00:38.3 2.05 HC17 EXP E 

61 336551 8/21/92 09:09:29.4 2.07 64.61 30.71 - E 

10 11188 1/18/91 10:00:07.5 2.23 HC17 EXP F 

17 23101 5/17/91 10:30:23.2 235 64.73 30.93 - F 

48 319737 3/4/92 11:20:19.2 ??,?, HV10 EXP F 

62 338267 9/9/92 11:00:32.4 2.04 64.83 30.76 - F 

1 5892 11/16/90 12:41:20.4 2.65 HC17 EXP G 

4 300010 12/7/90 10:02:26.1 2.41 HC17 EXP G 

8 6314 1/8/91 10:41:03.1 238 HC17 EXP G 

34 301671 11/15/91 11:04:11.6 231 HV10 EXP G 

36 301977 11/22/91 11:00:28.6 2.21 HV10 EXP G 

39 302782 12/6/91 10:36:24.2 2.27 HV10 EXP G 

41 302847 12/13/91 11:22:05.9 2.45 HV10 EXP G 

43 303526 12/25/91 11:04:46.1 2.68 HV10 EXP G 

52 325447 4/22/92 09:00:25.3 2.44 HV10 EXP G 

31 301009 11/1/91 11:00:14.3 2.06 HV10 EXP H 

32 301013 11/1/91 11:00:20.7 2.11 HV10 EXP H 
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Events with the most reliable classification: 

Table 99: Sorted events for area 30 

Event* IMS orid IMS origin time IMSlat IMS Ion IMS ml Group 

7 7024 12/28/90 10:31:13.6 64.7131 30.9240 2.23 A 

13 16671 3/29/91 16:12:40.7 64.5862 31.3631 2.7,6 A 

14 16669 3/29/91 16:13:01.5 64.8205 30.6343 230 A 

IS 19725 4/24/91 11:59:39.2 64.7111 30.4908 235 A 

18 24848 5/31/91 10:40:37.2 64.7029 30.8697 233 A 

20 28157 6/26/91 11:00:133 64.7586 30.4693 2.67 A 

21 29369 7/10/91 12:32:18.9 64.7475 30.6243 2.40 A 

22 29368 7/10/91 12:32:21.8 64.6918 31.1169 239 A 

27 35834 8/21/91 13:15:57.5 64.9965 30.4838 2.04 A 

29 36719 8/28/91 12:00:31.7 64.6505 31.0328 2.25 A 

37 302406 11/29/91 11:00:27.0 64.7167 30.7461 2.17 A 

42 302974 12/18/91 11:01:28.4 64.7268 30.6293 2.25 A 

44 313144 1/10/92 11:02:143 64.7120 30.4328 230 A 

45 313692 1/17/92 11:00:31.4 64.7104 30.7984 230 A 

50 325713 4/3/92 09:04:52.4 64.6812 30.6402 2.62 A 

53 327905 5/15/92 09:22:22.2 64.6953 30.6164 2.20 A 

54 329812 6/5/92 09:01:28.0 64.8280 31.1102 2.06 A 

57 332865 7/10/92 10:00:09.4 64.6169 30.8007 2.32 A 

58 333605 7/17/92 10:01:57.7 64.8242 30.8389 231 A 

65 343216 11/11/92 10:21:09.3 64.6721 31.2514 2.05 A 

66 3<1678 11/18/92 10:20:07.6 64.6116 31.0726 2.69 A 

67 345017 12/5/92 12:07:15.0 65.7648 33.8363 2.19 A 

9 7858 1/16/91 10:10:54.5 64.6787 30.8695 2.15 B 

12 15113 3/20/91 12:07:55.8 64.7100 30.7454 2.38 B 

16 20326 4/30/91 11:59:38.2 64.7447 31.4725 236 B 

26 31673 7/24/91 10:00:05.9 64.6904 30.9374 2.49 B 

28 35835 8/21/91 13:16:16.9 64.9362 30.5581 2.21 B 

38 302781 12/6/91 10:14:50.2 64.7089 30.6132 2.08 B 
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Table 99: Sorted events for area 30 

Event« IMSorid IMS origin time IMSlat IMS Ion IMS ml Group 

46 315353 1/31/92 10:00:44.5 64.7431 30.8949 2.62 B 

60 334046 7/22/92 09:00:01.2 64.6203 31.0863 2.08 B 

11 14366 3/13/91 10:01:28.4 64.7254 30.5257 2.08 C 

19 25678 6/5/91 12:21:08.1 64.7494 30.9318 2.03 C 

35 301860 11/20/91 11:05:58.8 64.6957 30.7064 2.11 C 

25 30078 7/12/91 11:40:173 64.7460 30.5994 im D 

40 302703 12/11/91 11:16:29.8 64.6979 30.8758 2,13 D 

47 319402 2/21/92 11:01:53.5 64.6721 30.8014 2.72 D 

49 320979 3/18/92 10:00:36.1 64.6432 31.3529 2.67 D 

51 324430 4/10/92 11:00:47.8 64.6151 30.6847 238 D 

55 331053 6/19/92 09:12:53.5 65.0195 31.3989 2.01 D 

56 332632 7/8/92 09:00:08.8 64.6028 31.0929 7,7,?, D 

2 9494 11/28/90 12:01:18.4 64.7161 303620 2.77 E 

3 42209 12/5/90 11:47:083 64.8508 30.5819 2.26 E 

5 314418 12/21/90 12:00:34.5 64.6424 31.0487 254 E 

6 7261 12/25/90 11:00:383 64.7310 30.4597 2.05 E 

24 30075 7/12/91 11:00:12.2 64.6470 30.7655 2.62 E 

30 300151 10/2/91 14:31:253 64.7046 30.5705 2.41 E 

33 301385 11/6/91 11:22:24.9 64.5590 31.3018 236 E 

61 336551 8/21/92 09:09:29.4 64.6493 31.2611 2.07 E 

10 11188 1/18/91 10:00:07.5 64.6339 31.3025 2.23 F 

17 23101 5/17/91 10:30:23.2 64.6549 31.1682 235 F 

48 319737 3/4/92 11:20:19.2 64.6584 31.1588 2.22 F 

62 338267 9/9/92 11:00:32.4 64.6602 30.9094 2.04 F 

1 5892 11/16/90 12:41:20.4 64.6455 30.8761 2.65 G 

4 300010 12/7/90 10:02:26.1 64.8053 31.4884 2.41 G 

8 6314 1/8/91 10:41:03.1 64.7149 30.9548 238 G 

34 301671 11/15/91 11:04:11.6 64.4891 31.6611 231 G 

36 301977 11/22/91 11:00:28.6 64.7114 30.4926 2.21 G 

39 302782 12/6/91 10:36:24.2 64.7337 30.4234 2.27 G 
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Table 99: Sorted events for area 30 

Event# IMSorid IMS origin time IMSlat IMS Ion IMS ml Group 

41 302847 12/13/91 11:22:05.9 64.6793 30.6006 2.45 G 

43 303526 12/25/91 11:04:46.1 64.6965 303746 2.68 G 

52 325447 4/22/92 09:00:25.3 64.6782 30.6175 2.44 G 

64 342150 10/23/92 09:59:21.8 64.9698 30.6289 2.04 G 

68 346736 12/30/92 10:00:26.9 65.0663 31.0947 2.01 G 

31 301009 11/1/91 11:00:143 64.7579 30.6924 2.06 H 

32 301013 11/1/91 11:00:20.7 64.7151 31.1655 2.11 H 

63 341475 10/16/92 11:59:243 64.7025 31.4826 2.18 H 

Remarks: 
- According to the Helsinki bulletin, most of there events come from mine HV 10. 
- The IMS locationsof these events are close to this mine, except for event 67 
located in the North-East of the map (Figure 31). The IMS expert solution for the 
location of this event was labeled by the analyst as being poor, but was still vali- 
dated. 
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Mine and event locations: 
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Figure 31:    Mine and IMS event locations for area 30. 

173 



174 
I 
I 



APPENDIX 2 
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The following table gives the list of the processing parameters used to perform the 
wavefom comparison for each area. Latl, Lat2, Lonl, and Lon2 give the limits of each 
area. Lfc and Hfc give the low frequency and the high frequency comer in Hz, respec- 
tively, used in the filtering. Sbf and Saf give, in seconds, the time before the first arrival 
and the time after the first arrival, respectively, defining the signal length. 

Table 100: Processing parameters for ARCESS data 

Area Latl Lat2 Lonl Lon2 Lfc Hfc Sbf Saf 

1 70 72 18 24 2 16 4 38 

2 70 72 24 28 3 16 4 34 

3 70 72 28 32 1 16 4 34 

4 68 70 12 18 5 16 9 84 

5 68 70 18 22 2 16 6 56 

6 68 70 22 26 2 16 4 39 

7 68 70 26 30 1 16 5 45 

8 68 69 30 32 3 16 8 73 

9 68 68.5 32 34 2 16 8 68 

10 68.5 69 32 34 3 16 7 61 

11 69 70 30 31 1 16 6 51 

12 69 70 31 32 2 16 5 47 

13 69 70 32 34 2 16 7 59 

14 68 70 34 38 3 16 9 79 

15 66 68 34 38 2 16 9 79 

16 67 68 32 34 1 16 10 86 

17 67 68 32 33 2.5 16 10 86 

18 66 67 30 34 3 16 1* vG 

19 66 68 26 32 2 lo 1 M 

20 66 68 26 30 3 la 5 45 

68 21 66 68 22 26 3 
i 

ie 8 

22 66 67 18 22 5 i?i 
r  8 

23' 67 67.5 18 22 r' i ■« i L   7    I   5?   J 
24 67.5 68 18 22 

L 
j i i; • 59  | 
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Table 100: Processing parameters for ARCESS data 

Area Latl Laß Lonl Lon2 Lfc Hfc Sbf Saf 

25 66 68 12 18 3 16 li 101 

26 64 66 10 18 3 16 11 101 

27 64 66 18 24 3 16 11 101 

28 64 66 24 26 3 16 11 101 

29 64 66 26 30 5 16 10 90 

30 64 66 30 36 2 16 12 107 

a. A band reject filter between 5 and 6 Hz would more appropriate to filter the events from this area. 
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The mine locations provided in this appendix cover more than the studied area. 
Distance 1 defines the distance to the ARCESS array in degrees and Distance 2, in kilome- 
ters. Mines are ordered by increasing longitude. 

Table 101: SPOT mine locations 

Label Latitude Longitude Distance 1 Distance 2 Azimuth 

SB8 59.230 24.235 10.36 1238.710 2.49 

SB1 59.242 24.329 10.35 1237.03 2.30 

SB11 59.243 27.833 10.38 1241.14 355.45 

SB9 59.269 27.732 1035 1237.55 355.64 

SB 10 59.306 27.626 10.31 1232.64 355.83 

SB7 59.325 27.272 10.28 1228.91 356.52 

SB6 59.327 27.070 10.27 1227.97 356.91 

SB12 59.364 28.365 10.29 1229.58 354.36 

SB 14 59.369 28.527 10.29 1229.98 354.04 

SB 13 59.370 28.428 10.28 1229.24 354.24 

SB2 59.407 24.591 10.18 1216.68 1.82 

SBS 59.446 26.486 10.14 1212.13 358.04 

SB16 59.482 29.930 10.27 122152 351.25 

SB IS 60.019 29.742 9.72 1162.13 351.15 

SC3b 60.581 29.064 9.11 1089.55 352.08 

SC3a 60.599 29.073 9.10 1087.48 352.04 

SC2 60.699 29.178 9.01 1076.48 351.73 

SCla 60.747 28.836 8.93 1068.01 352.44 

SClc 60.749 28.854 8.93 1067.91 352.40 

SClb 60.753 28.846 8.93 1067.37 352.41 

SCO 60.816 28.711 8.86 1058.85 352.66 

SC4c 60.843 28.989 8.85 1057.81 352.02 

SC4b 60.849 28.979 8.34 1057.02 352.03 

SC4a 60.851 28.991 8.84 1056.88 352.00 

SC19 60.852 30.0% 8.93 1067.13 349.55 
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Table 101: SPOT mine locations 

Label Latitude Longitude Distance 1 Distance 2 Azimuth 

SC6 60.951 29.175 8.75 1046.55 351.50 

SC7 60.961 29.312 8.75 1046.56 351.18 

SC8 60.969 28.880 8.72 1041.96 352.15 

SC9 60.974 29.054 8.72 1042.79 351.75 

SC10 60.985 29.275 8.73 1043.39 351.24 

SC5b 60.999 29.026 8.70 103939 351.79 

SC5c 61.005 29.043 8.69 1039.02 351.74 

SC5a 61.008 29.016 8.69 1038.43 351.80 

SCllc 61.120 29.902 8.65 1033.47 349.67 

SClIb 61.132 29.823 8.63 1031.23 349.83 

SClla 61.133 29.845 8.63 1031.34 349.78 

SC12d 61.199 29.727 8.55 1022.34 349.97 

SC12c 61.201 29.731 8.55 1022.15 349.% 

SC12b 61.204 29.727 8.55 1021.75 349.97 

SC12a 61.208 29.727 8.54 1021,28 349.96 

SC13 61.270 29.804 8.49 1014.74 349.71 

CC14 61.604 31.283 8.31 993.565 345.82 

SC17 61.664 31.654 8.30 991.958 344.87 

SC15b 61.666 31.144 8.24 984.421 346.04 

SC15a 61.672 31.139 8.23 ^83.653 346.04 

SC16 61.691 31.274 8,23 983.321 345.70 

SC18b 61.946 30.606 7.90 944.600 346.85 

SC18a 61.952 30.575 7.89 943.502 346.92 

SD44 67.607 33.486 3.51 419.675 307.12 

SD43 67.645 32.912 3.31 396.102 308.34 

SD42 67.759 32.824 3.22 384.554 307.03 

SD41 67.803 32.781 3.18 379.824 306.53 

SD49 67.889 34.566 3.69 441.618 300.73 
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Table 101: SPOT mine locations 

Label Latitude Longitude Distance 1 Distance 2 Azimuth 

SD40 67.893 33.029 3.20 382.702 304.46 

SD50 67.895 34.615 3.71 443.158 300.55 

SD47 67.916 34.385 3.62 432.924 300.75 

SD48 67.926 34.486 3.65 436.243 300.40 

SD46 68.006 34.697 3.68 439.762 298.89 

SD45 68.019 34.349 3.56 425.319 299.39 

SD39 68.040 33.229 3.18 380.626 301.68 

SD38 68.082 33.219 3.16 377.616 301.06 

SD37 68.112 32.986 3.07 366.807 301.X 

SD35 68.120 33.400 3.20 382.288 300.01 

SD36 68.133 33.162 3.11 372.289 300.40 

SD34 68.251 33.267 3.09 369.437 298.24 

SD33 68.268 33.403 3.13 373.830 297.65 

SD32 68.700 33.125 2.86 341.371 290.61 

SD31 68.791 33.146 2.83 338.543 288.84 

SD30 68.792 33.133 2.83 337.969 288.84 

SD29 68.872 33.025 2.76 330.521 287.43 

SD28 68.930 33.0% 2.77 331.448 286.18 

SD18 68.932 34.938 3.41 408.182 284.60 

SD27 68.943 32.965 2.72 325.576 286.08 

SD26 68.997 32.871 2.68 319.927 285.07 

SD25 68.999 32.910 2.69 321.488 284.99 

SD23 69.012 33.641 2.94 351.583 284.07 

SD24 69.013 32.939 2.70 322.265 284.67 

SD22 69.034 33.506 2.89 345.307 283.75 

SD21 69.060 33.484 2.87 343.658 283.26 

SD17 69.064 35.008 3.41 407.414 282.40 

SD16 69.070 35.008 3.41 407.260 282.30 
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Table 101: SPOT mine locations 

Label Latitude Longitude Distance 1 Distance 2 Azimuth 

SD20 69.093 33.482 2.87 342.686 282.62 

SD19 69.111 33.594 2.90 346.913 282.20 

SD1S 69.223 33.168 2.73 326.429 280.16 

SD14 69.256 33.106 2.70 323.J49 279.49 

SD12 69.276 32.811 2.60 310.367 279.16 

SD13 69.286 32.903 163 314.044 278.91 

son 69.299 32.721 2.56 306.157 278.68 

SD4 69.329 30.019 1.61 192.217 279.50 

SD2 69.367 30.093 1.63 194.620 278.09 

SD3 69.368 30.134 1.64 196.324 278.02 

SD7 69.398 30.614 1.81 216.018 276.75 

SDg 69.401 30.847 1.89 225.767 276.58 

SD9 69.409 30.953 1.93 230.115 276.31 

SD10 69.410 32.135 2.34 279.794 276.17 

SD6 69.432 30.527 1.77 211.918 275.69 

SD5 69.435 30.531 1.77 212.051 275.59 

SD1 69.597 30.049 1.60 190.838 269.89       | 

Two tables are provided for the Helsinki mine locations. The locations shown in 
Table 102 started to be used at the beginning of June 1991. A mapping between the new 
Helsinki locations and the old Helsinki locations is proposed in this table. Certain mines 
can have up to four different locations reported in the Helsinki bulletin; only the most fre- 
quent arc listed. Locations given with one decimal were obtain by averaging seismic loca- 
tions; locations with two decimals were obtain from the SPOT imagery. 

Table 102: Helsinki mine locations 

Label Old label Latitude Longitude Distance 1 Distance 2 Azimuth 

HE1 HB1 59.24 24.33 10.35 1237.270 2.30 

HE5A HB9 59.24 27.83 10.39 1241.480 355.46 

HE5 HB9 59.27 27.73 10.35 1237.420 355.64 
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Table 102: Helsinki mine locations 

Label Old label Latitude Longitude Distance 1 Distance 2 Azimuth 

HE6A HB10 593 27.5 10.31 1232.810 35608 

HE7 HB11 593 28.1 10.34 1235.700 354.91 

HE6 HB10 5931 27.63 10.31 1232.180 355.82 

HE4 HB6 5933 27.27 10.28 1228310 356.52 

HE4A HB6 5933 27.07 10.27 1227.610 356.91 

HE12A HB12 59.36 28.37 10.29 1230.080 35435 

HE12 HB12 5937 28.43 10.28 1229.260 354.23 

HE8 HB13 5937 28.53 10.29 1229.880 354.04 

HE2 HB2 59.41 24.59 10.18 1216320 1.82 

HE9 HBS 59.45 26.49 10.14 1211.660 358.03 

HE3 HB3 59.5 25.0 10.08 1204.910 1.02 

HE11 HB16 59.6 30.0 10.16 1214.190 351.01 

HE10 HB15 60.0 29.9 9.75 1165.860 350.85 

HE 10 A HB1S 60.02 29.74 9.72 1161.990 351.15 

HM1 HA1 60.17 23.84 9.43 1127390 3.58 

HM3 HA2 60.30 22.29 9.37 1120.340 6.% 

HV11 HC3 60.6 29.2 9.11 1088.420 351.77 

HV12 HC1 60.7 28.7 8.97 1072.570 35178 

HV5 HC2 60.7 29.0 8.99 1074.890 35212 

HV13 HC7 60.8 29.5 8.93 1067350 350.92 

HV1B HC4 60.8 29.3 8.91 1065.550 351.36 

HV1A HC6 60.9 29.4 8.82 1054.590 351.04 

HV1C HC5 60.9 29.3 8.81 1053.690 351.26 

HV2 HC11 61.1 30.3 8.70 1040.140 348.80 

HV8 HC11 61.1 29.9 8.66 1035.800 349.70 

HM2 HA3 61.33 23.03 8.30 992.660 6.04 

HV4 HC14 61.4 31.6 8.55 ,'021.780 345.45 

HV6 HC15 61.4 34.3 8.94 1068.340 339.75 
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Table 102: Helsinki mine locations 

Label Old label Latitude Longitude Distance 1 Distance 2 Azimuth 

HV3 HC12 61.5 30.4 8.32 994.286 348.03 

HMS HA4 61.6 21.7 8.12 970.87S 9.51 

HM26 HA5 61.64 24.26 7.95 949.899 3.17 

HM4 HA6 61.9 21.5 7.84 937.384 10.37 

HV7 HC13 61.9 30.6 7.95 949.899 346.94 

HM27 - 61.94 29.03 7.76 928.021 350.79 

HM6 HA7 62.07 27.41 7.54 901.123 354.89 

HV9 HC16 62.2 34.3 8.19 978.847 337.82 

HM15 HA8 62.5 30.1 7.31 873.457 347.20 

HM21 HA9 62.6 23.6 7.01 837.805 5.50 

HM20 HA10 62.7 23.2 6.93 828.226 6.74 

HM14 HAH 62.8 22.9 6.85 818.395 7.71 

HM12 HA12 62.83 29.25 6.90 825.018 348.98 

HM18 HA14 63.0 26.8 6.59 787.184 356.03 

HM19 HA13 63.02 29.23 6.71 802.434 348.73 

HM7 HA15 63.12 27.74 6.51 777.713 353.05 

HM17 HA16 63.16 27.99 6.48 774.690 352.24 

HM23 HA18 63.3 29.3 6.44 770.283 348.03 

HM16 HA17 63.4 27.3 6.20 741.663 354.15 

HM13 HA19 63.66 26.05 5.91 705.992 358.14 

rtM34 HA20 63.85 25.05 5.71 683.054 1.61 

HM 10 HA22 64.1 27.1 5.50 656.995 354.14 

HM9 HA21 64.1 24.7 5.47 653.804 2.97 

HM8 HA23 64.12 28.06 5.53 661.291 350.64 

HM11 HA24 64.41 25.15 5.15 615.717 1.39 

HV10 HC17 64.68 30.66 5.27 630.425 339.89 

HM22 HA25 65.78 24.70 3.79 452.502 4.30 

HM25 HA26 65.8 28.10 3.88 463.898 346.40 
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Table 102: Helsinki mine locations 

Label Old label laHtude Longitude Distance 1 Distance 2 Azimuth 

HR3 HE1 67.12 20.90 2.97 354.734 33.06 

HR1 HE1 67.18 20.67 2.97 354.764 34.94 

HK8 HD1 67.56 30.44 2.69 321.321 319.83 

HK5 HD10 67.6 34.2 3.74 446.567 305.31 

HKIA HD8/HD9 67.63 33.84 3.61 431.064 305.85 

HK2 HD8/HD9 67.64 34.02 3.66 437.065 305.26 

HK2A HD8/HD9 67.64 33.88 3.61 431.848 305.62 

HR2 HF,?, 67.65 21.00 231 300.478 39.05 

HK1 HD8 67.67 33.74 3.55 424.547 305.59 

HK7 HD3 67.7 31.4 2.84 339.396 313.18 

HM28 - 67.79 24.43 1.80 214.830 12.16 

HR4 HE2 67.8 20.2 2.61 311.740 45.63 

HK4 HD6 68.16 33.18 3.11 371.356 299.93 

HK11 HD5 68.87 33.03 2.77 330.799 287.46 

HK10 HD12 69.2 34.7 3.27 391.275 280.18 

HK12 HD7 69.23 33.17 2.73 326.366 280.01 

HK9 HD11 69.3 34.4 3.15 376.717 278.44 

HK3 HD2 69.4 30.8 1.87 223.806 276.63 

HK6 HD4 69.6 32.3 2.39 285.180 271.61 

HN1 HF1 69.6 29.9 1.54 184.594 269.63 

Table 103: Old Helsinki mine locations 

Label Latitude Longitude Distance 1 Distance 2 Azimuth 

HB9 59.2 27.6 10.417 1158.32 355.924 

HB1 59.3 24.4 10.289 1144.09 2.178 

HB10 59.3 27.6 10.317 1147.2 355.884 

HB11 59.3 28.1 10.337 1149.43 354.910 

HB6 59.3 27.2 10.303 1145.65 356.667 

187 



Table 103: Old Helsinki mine locations 

Label Latitude Longitude Distance 1 Distance 2 Azimuth 

HB12 59.4 28.4 10.252 1139.98 354.273 

HB13 59.4 28.5 10.257 1140.53 354.078 

HB2 59.4 24.6 10.185 1132.53 1.802 

HB3 59.5 25.0 10.080 1120.85 1.016 

HB5 59.5 26.5 10.086 1121.52 358.003 

HB16 59.6 30.0 10.157 1129.41 351.009 

HB15 60.0 29.9 9.753 1084.49 350.847 

HAI 60.2 23.1 9.429 1048.46 5.170 

HA2 60.4 22.4 9.266 1030.34 6.797 

HC3 60.6 29.2 9.105 1012.43 351.767 

HC1 60.7 28.7 8.972 997.645 352.781 

HC2 60.7 29.0 8.992 999.869 352.117 

HC4 60.8 29.3 8.914 991.196 351.361 

HC7 60.8 29.5 8.929 992.864 350.918 

HC5 60.9 29.3 8.815 980.187 351.264 

HC6 60.9 29.4 8.822 980.966 351.040 

HCIO* 61.1 39.9 10.351 1150.98 330.883 

HC11 61.1 30.2 8.692 966.51 349.020 

HA3 61.4 22.8 8.246 916.917 6.647 

HC14 61.4 31.6 8.548 950.498 345.450 

HC15 61.4 34.3 8.937 993.753 339.749 

HC12 61.5 30.4 8.318 924.923 348.028 

HA4 61.6 21.7 8.122 903.129 9.511 

HA5 61.6 24.2 7.988 888.229 3.306 

HA6 61.9 21.5 7.842 871.994 10.375 

HC13 61.9 30.6 7.946 883.559 346.944 

HA7 62.1 27.4 7.508 834.855 354.895 

HC16 62.2 34.3 8.188 910.468 337.819 
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Table 103: Old Helsinki mine locations 

Label Latitude Longitude Distance 1 Distance 2 Azimuth 

HAS 62.5 30.1 7.307 812.505 347.203 

HA9 62.6 23.6 7.009 779369 5.501 

HA10 62.7 23.2 6.928 770.362 6.736 

HAH 62.8 22.9 6.846 761.244 7.709 

HA12 62.8 29.3 6.936 771.251 348.887 

HA13 62.9 28.7 6.787 754.683 350.455 

HA14 63.0 26.8 6.585 732522 356.028 

HA15 63.2 27.8 6.430 714.986 352.777 

HA16 63.2 28.1 6.448 716.988 351.850 

HA17 63.4 27.3 6.204 689.856 354.152 

HA18 63.5 29.6 6.277 697.974 346.723 

HA19 63.7 26.0 5.865 652.161 358.299 

HA20 63.8 25.1 5.764 640.93 1.421 

HA21 64.1 24.7 5.469 608.128 2.975 

HA22 64.1 27.1 5.496 611.13 354.136 

HA23 64.2 28.0 5.448 605.793 350.723 

HA24 64.4 25.2 5.160 573.768 1.196 

HC17 64.7 30.7 5.261 584.999 339.680 

HA25 65.8 24.7 3.765 418.651 4.319 

HA26 65.8 28.1 3.881 431.549 346.396 

HE1 67.1 20.6 3.049 339.035 34.430 

HD1 67.6 3Ü.5 2.672 297.114 318.953 

HD10 67.6 34.2 3.736 415.426 305.315 

HD9 67.6 34.0 3.673 408.421 305.819 

HD3 67.7 31.4 2.839 315.684 313.183 

HD8 67.7 33.7 3.522 391.63 305.303 

HF,7 67.7 21.0 2.475 275.209 39.783 

HD6 68.1 33.2 3.143 349.487 300.827 
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Table 103: Old Helsinki mine locations 

Label Latitude Longitude Distance 1 Distance 2 Azimuth 

HD5 68.8 33.0 2.779 309.012 288.881 

HD12 692 34.7 3.273 363.943 280.184 

HD7 69.2 33.3 2.781 309234 280.580 

HD11 69.3 34.4 3.151 350.377 278.445 

HD2 30.8 1.872 208.158 276.626 

HD4 ' ' 32.3 2.386 265.312 271.612 

HF1 69.6 29.9 1.544 171.686 269.630 

a. This mine does not have a corresponding new location. 

Table 104: Norwegian mine locations 

Label Latitude Longitude Distance 1 Distance 2 Azimuth 

N15 58.300 6.400 13.96 1669.200 28.49 

N205 58.800 15.100 11.67 1394.550 18.31 

N206 59.300 15.400 11.14 1331.810 18.63 

N209 59.700 14.100 10.99 1313.850 21.40 

N16 59.750 10.770 11.63 1390.170 26.35 

N14 59.900 10.500 11.56 1381.420 27.04 

N208 60.000 14.800 10.58 1265.070 20.84 

N109 60.100 22.880 9.54 1140.350 5.58 

N207 60.100 15.000 10.45 1249.600 20.70 

N202 60.120 17.520 10.03 1199.380 16.29 

N121 60140 22.590 9.51 1137.360 6.21 

N110 60.170 23.840 9.43 1127.390 3.58 

N204 69.185 16.115 10.18 1217.390 18.94 

N203 60.200 16.130 10.17 1215.390 18.94 

Nlll 60.250 25.390 9.32 1114.700 0.25 

N112 60.270 24.070 9.32 1114.610 3.12 
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Table 104: Norwegian mine locations 

Libel Latitude Longitude Distance 1 Distance 2 Azimuth 

N113 60.300 7? 290 9.37 1120.340 6.96 

N201 60.620 15.100 9.95 1189.280 21.57 

N210 60.700 15.900 9.73 1163.470 2031 

N13 60.740 11.020 10.69 1277.820 28.31 

Ml 14 61.030 28.180 8.61 1029.680 353.71 

N115 61.050 22.640 8.60 1028.560 6.75 

N103 61.180 28.040 8.46 1010.910 353.93 

N101 61.330 23.030 8.30 992.660 6.04 

N116 61.810 21.740 7.91 945.651 9.66 

N6 61.930 5.450 11.18 1335.950 38.48 

N117 61.940 29.030 7.76 928.021 350.79 

Nl 62.040 5.523 11.07 1323.060 38.76 

N102 62.040 28.770 7.65 913.888 351.34 

N118 62.070 27.410 7.54 901.123 354.89 

N122 62.820 29.250 6.91 826.196 349.00 

N123 63.020 29.230 6.71 802.434 348.73 

N124 63.120 27.740 6.51 777.713 353.05 

N119 63.150 24.020 6.44 770.017 4.66 

N125 63.160 27.990 6.48 774.690 352.24 

N104 63.660 26.050 5.91 705.992 358.14 

N105 63.850 25.050 5.71 683.054 1.61 

N218 63.867 20.217 6.07 725.049 17.87 

N215 63.917 20.100 6.03 721.264 18.37 

N219 63.917 20.300 6.01 717.987 17.76 

N217 63.933 20.067 6.02 719.931 18.53 

N220 64.050 20.717 5.82 696.179 16.82 

N9 64.070 11.200 7.85 938.973 39.49 

N216 64.100 19.583 5.94 709.582 20.54 
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Table 104: Norwegian mine locations 

Label Latitude Longitude Distance 1 Distance 2 Azimuth 

N126 64.120 28.060 5.53 661.291 350.64 

N214 64.133 18.567 6.07 725.969 23.68 

N106 64.410 25.150 5.15 615.717 1.39 

N7 64.870 13.880 6.30 776.824 38.77 

N107 65.780 24.700 3.79 452.502 4.30 

N120 65.900 24.470 3.67 439.132 5.69 

N8 65.930 13.880 5.71 682.252 45.46 

N213 66.133 17,183 4.65 555.392 38.94 

N3 66.421 14.679 5.13 613.573 47.60 

N212 67.083 20.967 2.98 356.759 32.32 

N5 67.148 16.070 4.24 506.675 51.27 

N108 67.790 24.430 1.80 214.831 12.16 

M211 67.833 20.205 2.58 308.817 46.13 

N400 69.420 30.800 1.87 223.541 276.01 

N4 69.652 30.025 1.59 189.976 267.88 

Table 105: Mine locations from other sources 

Label Latitude Longitude Distance 1 Distance 2 Azimuth 

TIT 58.23 6.43 14.018 1558.74 28.330 

BLA 59.31 6.95 12.940 1438.87 29.989 

NYG 60.39 5.34 12.453 1384.72 34.213 

Varanger 70.480 28.500 1.40 155.764 778.72 

I 
I 

192 



Table 106: JOG mine locations 

Label Latitude Longitude Distance 1 Distance 2 Azimuth 

JOCil 59.650 9.680 11.97 1430.810 27.55 

JOG2 59.660 9.650 11.97 1430.590 27.61 

J0G3 59.660 9.690 11.96 142.).460 27.56 

J0G4 59.670 9.680 11.95 1428.680 !7.59 

J0G5 59.680 9.680 11.94 1427.620 27.61 

JOG6 59.690 9.540 11.97 1430.510 27.81 

JOG7 59.760 9.8 0 11.84 1415.470 27.63 

JOG8 59.770 9.520 11.90 1422.590 28.02 

J0G9 59.790 9.500 11.89 1421.050 28.09 

JOG10 62.040 10.820 9.61 1148.870 32.28 

JOG11 62.100 10.210 

9.800 

%n 1'61.430 33.35 

JOG12 
um 

62.100 9.82 1174.200 33.92 

JOG13 62.110 9.820 9.81 1172.580 33.93 

JOG14 62.110 9.900 9.79 1170.070 33.82 

JOG15 62.130 10.090 9.72 1162.150 33.62 

JOG16 62.150 10.080 9.71 1160.460 33.70 

JOG17 62.150 10.680 9.55 1141.990 32.84 

JOG18 62.280 10.320 9.54 1140.030 33.78 

JOG19 62.320 10.600 9.43 1127.360 33.51 

JOG20 62.330 10.620 9.42 1125.750 33.52 

JOG21 62.380 10.400 9.43 1127.580 34.01 

JOG22 62.380 10.420 9.43 1126.950 33.98 

JOG23 62.410 10.270 9.44 1128.660 34.29 

JOG24 62.410 10.280 9.44 1128.350 34.28 

JOG25 62.440 10.860 9.26 1107.360 33.53 

JOG26 62.440 10.870 9.26 1107.05 33.52 

JOG27 62.520 11.220 9.10 1088.34 33.26 

JÖG28 62.540 11.100 9.12 1090.00 33.51 
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Table 106: JOG mine locations 

Übel Latitude Longitude Distance 1 Distance 2 Azimuth 

JOG29 62.540 11.250 9.08 1085.42 33.29 

JOG30 62.550 11.810 8.93 1067.57 32.44 

J0G31 62.570 11.820 8.91 1065.25 32.49 

JOG32 62.630 11.550 8.93 1067.29 33.13 

JOG33 62.670 11.280 8.96 1071.49 33.69 

i'OG34 62.690 11.280 8.95 1069.50 33.76 

JOG35 62.710 11.280 8.93 1067 JO 33.83 

JOG36 62.770 11.280 8.88 1061.53 34.05 

JOG37 62.790 11.250 8.87 1060.47 34.17 

JOG38 62.810 11.260 8.85 1058.17 34.22 

JOG39 62.820 10.050 9.16 1095.44 36.05 

JOG40 62.840 11.550 8.75 1046.28 33.88 

J0G41 62.870 11.630 8.71 1040.84 33.86 

JOG42 62.920 11.680 8.65 1034.34 33.96 

JOG43 62.940 11.500 8.68 1037.88 34.32 

JOG52 67.070 20.970 3.00 358.027 32.16 

JOG44 67.180 20.620 2.98 356.104 35.20 

JOG45 67.180 20.670 2.97 354.764 34.94 

JOG46 67.200 20.670 2.95 352.798 35.16 

JOG47 67.200 20.710 2.94 351.728 34.95 

JOG68 67.350 32.530 3.40 406.023 313.45 

JOG70 67.450 32.660 3.37 402.314 311.74 

JCX369 67.550 30.330 2.67 319.011 320.56 

JOG53 67.630 21.030 2.52 301.490 38.59 

JOG54 67.670 33.630 3.52 420.468 305.89 

JOG48 67.830 20.190 2.59 309.557 46.15 

JOG49 67.880 20.230 2.54 304.106 46.77 

JÖG56 67.880 34.550 3.69 441.550 300.89 
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Table 106: JOG mine locations 

Label Latitude Longitude Distance 1 Distance 2 Azimuth 

JOG57 67.900 34.630 3.71 443.438 300.45 

JOG55 67.930 34.480 3.65 435.766 300.36 

JOG61 68.010 34.710 3.68 440.043 298.81 

JÜG60 68.020 34.370 3.56 426.083 299.34 

JOG50 68.050 16.020 3.76 448.921 6225 

JOG58 68.150 33.250 3.13 374.669 299.91 

JOG59 68.250 33.270 3.09 369.611 m.2S 

JOG51 68.470 16.050 3.57 426.531 68.19 

JOG62 68.690 33.110 2.85 341.183 290.82 

JOG63 68.820 35.370 3.60 429.796 286.09 

JOG64 68.870 33.020 2.76 330.386 287.47 

JOG65 68.930 33.080 2.77 330.784 286.20 

JOG67 69.390 30.330 1.71 204.203 277.14 

JOG66 69.420 30.280 1.69 201.685 276.16 
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The following table gives the results of an attempt to associate reference events 
with a particular mine. For this purpose, the event identification reported in the Helsinki 
bulletin were used. An association was made between a group of events and the Helsinki 
identifications when, within a group, all Helsinki identifications were reasonably consis- 
tent When both an old Helsinki location and a new Helsinki location were used to identify 
events within a group, only the new location was listed. 

Events listed in italic are redundant When a large number of events from the same 
source overlapped two adjacent areas, two reference events were defined, one for each 
area. These redundant events are not included in the list of reference events used in the 
database. 

For each reference event, the table gives: 
- the area number, 
- the event orid used in the IMS database, 
- the event number used in the processing, 
- the event label corresponding to the grouping, 
- the event location using the identification found in the Helsinki bulletin, 
- the number of events found in the Helsinki bulletin with the same identification, 
- comment about the groups: (1) defines event groups consisting of more than three 
events, (2) defines event groups including three or fewer events. 

Table 107: Identification of the reference events 

Area Orid Event # Group Source # of events Comment 

1 339219 46 A - - 

30690 27 B - - 

2 324318 37 A - - 

301540 20 B - - 

32522 7 C - - 

3 345676 67 A • - 

14423 2 B i - 

292«« 14 C a - 

335047 46 D • - 

335771 50 E - 

331548b - - - - 
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Table 107: Identification of the reference events 

Area Orid Event# Group Source # of events Comment 

5 330571 38 A - - (2) 

15563 8 B - - (1) 

19809 13 C - - (2) 

28713 21 D - - (2) 

332265 44 E - - (1) 

341863 63 F - - (1) 

327541 36 G - - (2) 

22541 15 H -" (2) 

333552 47 I - - (1) 

35075 27 J - - (2) 

16814 9 K - - (2) 

6 302474 15 A EARTH. 1 (2) 

36875 8 B - - (2) 

38132 13 C - 2 (1) 

7 301570 13 A HN1 2 (1) 

344716 30 B HN1 1 0) 

8747 4 C - - (2) 

8 336069 43 A HK1 1 (1) 

331799 35 B HK4 1 (2) 

16175 7 C 
■ 

- (2) 

340138 46 D - - (1) 

314771 25 E - - (1) 

9 20330 13 A HK4C 4 (1) 

3014 1 B HK4 3 (2) 

30603 22 C HK4<1 7 0) 

J02119 29 D HK4 5 (1) 

325195 44 E HK4 20 (1) 

333501 48 F HD6e 1 (2) 
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Table 107: Identification of the reference events 

Area Orid Event # Group Source # of events Comment 

10 300626 40 A HK11 1 (2) 

16067 11 B HD7c'f 1 (1) 

312825 42 C - - (2) 

30828 29 D - - (I) 

331691 60 E HK11C 1 (1) 

14379 8 F - - (1) 

7015 3 G - - (1) 

36093 35 H - - (2) 

34142 33 I - - (1) 

41745 38 J - 1 (1) 

345142 68 K HDT0-1 1 (1) 

11 347014 125 A HK3e 3 (2) 

34154 40 B HN1C 4 (1) 

12932 18 C HK3C 7 (1) 

325993 83 D g 7 (1) 

35098 41 E HK3C 2 (2) 

331516 97 F HK3h 77 (1) 

12 26841 16 A HK3C 5 (1) 

344808 86 B HK6C 3 (1) 

19799 11 C - - (2) 

36690 49 D - - (1) 
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Table 107: Identification of the reference events 

Area Orid Event« Group Source # of events Comment 

13 28301 22 A HK6C 2 0) 

22301 12 B - - (2) 

302409 45 C HD7c-f 1 0) 

323098 56 D HK6C 1 (1) 

40890 40 E - - O) 

27879 19 F - - (1) 

30887 30 G - (1) 

344816 77 H HK6C 1 (1) 

33277 33 I - - (2) 

34983 35 J HK6C 1 (1) 

321732 51 K HK6C 1 (2) 

302359 46 L Horf I (I) 

15 344686 37 A ci 12 (1) 

345204 38 B c,i 8 (1) 

16 11204 13 A Ci 2 (2) 

8886 15 B c,i 14 (1) 

6043 7 C c.i 12 (1) 

17 320658 52 A c,i 7 (1) 

319424 48 B HK2 1 (1) 

18753 11 C c.i 2 (1) 

21835 15 D 0,1 3 (1) 

337114 68 E HK1C 2 (I) 

326612 56 F c 3 (1) 

35869 30 G HK4C 6 (1) 

325214 54 H - - (1) 

18 14581 4 A - - (1) 

19 15006 9 A HK8 5 (1) 

301141 32 B HK8 7 (1) 

14388 8 C HK7 2 (2) 

33671 26 D HK8 34 (1) 
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Table 107: Identification of the reference events 

Area Chid Event # Group Source # of events Comment 

20 30083 39 A HK8 9 0) 

337343 76 B HK8 8 O) 

12936 16 C HK8 2 (2) 

21201 33 D - - (2) 

341310 84 E HOP 1 (1) 

337790 78 F - 5 0) 
12Ä57 18 G mi* 1 (1) 

21 312913 65 A HM22 10 m 
340334 104 B HM22 15 a) 
336850 92 C HM22k 6 a) 
35046 46 D - - (2) 

18729 25 E HR1 4 (1) 

15255 19 F - - (2) 

334661 89 G HR31 6 (1) 

303001 61 H - - (1) 

337224 94 I - - (1) 

337460 97 J - 5 (1) 

312559 68 K - - (2) 

22 337588 43 A - (1) 

25494 10 B HR1 4 (1) 

345699 62 C - - (1) 

340339 47 D - - (2) 

342809 53 E - - (1) 
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Table 107: Identification of the reference events 

Area Odd Event # Group Source # of events Comment 

23 12948 12 A HR1 3 (2) 

41S28 36 B HRl"1 3 (1) 

10111 6 C HR1 12 (1) 

3297 3 D HR1 3 (1) 

303421 46 E HR1 1 (2) 

334722 75 F HR1 1 (2) 

341042 82 G - - (1) 

344601 95 H - - (2) 

337216 79 I - - (2) 

332148 73 J - - (2) 

24 302661 65 A HR4 2 (1) 

35164 51 B i 3 (1) 

328626 79 C HR4 2 (1) 

38417 54 D i 6 (1) 

327537 78 E HR1 1 (2) 

19304 18 F HE2n 1 (2) 

10188 7 G - - (2) 

332725 81 H - - (1) 

333657 82 I - - (2) 

25 339193 99 A - 2 (1) 

320060 61 B P.E. 1 0) 

326980 69 C - 3 (1) 

303251 34 D EARTH. 2 (1) 

313091 53 E P.E.0 3 (1) 

331416 83 F P.E.P 6 (1) 

312925 45 G P.E.m 1 (1) 
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Table 107: Identification of the reference events 

Area Orid Event # Group Source # of events Comment 

28 168S6 11 A HM22 5 (1) 

341881 75 B HM22 3 (1) 

22198 19 C HM22 3 (1) 

344303 78 D HM22 5 (1) 

301329 42 E HM22 6 (1) 

21747 17 F HM22 8 (1) 

321822 50 G HM22 5 (1) 

29 302298 26 A HM8 1 (2) 

14119 5 B HM8 2 0) 

326412 33 C HM8 3 (1) 

22125 16 D - 3 (1) 

5806 1 E - 2 (2) 

23030 18 F - 2 (1) 

30 327905 53 A HV10 14 0) 

315353 46 B HV10 7 (1) 

301860 35 C HV10 3 (2) 

320979 49 D HV10 7 (1) 

300151 30 E HV10 7 (1) 

338267 62 F HV10 2 (1) 

325447 52 G HV10 9 0) 

301009 31 H HV10 2 (2) 

a. Probably from Varanger mine. Not listed in the Helsinki bulletin. 
b. Event added to the original list 
c. Several mines have been located on SPOT photos in this area or in the nearby areas. 
d. One event of this group was located at mine HK5. 
e. HD6: old HK4. 
f. HD7: old HK12 
g. Five events from this group are located at mine HN1 and two events at mineHK3 
h. One event of this group out of the seventy-three events reported in thf. Helsinki bulle- 

tin was located at HN1. 
i. Several events reported in the Helsinki bulletin, but important inconsistency between 

the group and the Helsinki identification. 
j. HD1: old HK8. 
k. One event of this group was located at mine HR3. 
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L One event of this group was identified as being "probably an earthquake*' in the Hels- 
inki bulletin 

m. One event of this group was located at mine HR3. The distance between mine HR1 
and HR3 is 12 km. 

n. HE2: old HR2 and HR4 
o. One event from this group was identified in the Helsinki bulletin as being an "Earth- 

quake**. 
p. Two events from this group were identified In the Helsinki bulletin as being "Earth- 

quakes". 
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